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‘Notice to all Active Members 
of Member Associations 


Your prompt payment of 1956 dues 
will avoid interruption in receipt of 
SEWAGE AND INDUSTRIAL WASTES 
as well as other Federation services. 
‘Undue delay may make it impossible for 
a complete volume of the JOURNAL tc 


be furnished. LS 
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Please remit directly to your Mem- 


ber Association Secretary immediately 


upon receipt of the first dues notice os 


from him. 
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SEWAGE AND INDUSTRIAL WASTES 4490 


provides 


CATALYTIC exclusively highest 
REDUCTION 


PROCESS : solids loading for 
sludge digestion 


2, 1/3 to 1/7 of former digester volume for 


biological requirements of sludge digestion” 
(Contrasted to setial requirements of formers). 
mietho dls of dige-tron), 


4. Non-formation of dense floating solids, termed 
“scum, eliminating former of 
digester yolumes for holding “seam”, 


Consietently highest degree of wolatile solide 
reduction and gas production through 
fundamental application of a simple gas 
mechanism — with lowest tank volume ond 
simplified piping, without Inerease 11, operation 
supervision reguirement+ 

*Kaclasine af sludge “orage volume that may be 

reqelred by aubsequent disposal methods, 


Reports describing the PROCESS Subsidiary of Food Machinery and Chemical Corporation 
in detail are available 


on request. 4 ® SEWAGE EQUIPMENT DIVISION 


DIVERSEY PARKW. CHICAGO 
Write to Department F. < ¥ 


Reports CHICAGO PUMP COMPANY 


‘usere, Stationar users, Mechanen) 
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TAUNTON reports: “Not a service call in 2% years.” 


These two Builders Model CVS Chlorinizers have been in service at the 
Taunton, Mass. Sewage Treatment Plant (designed and engineered by Fay, 
Spofford & Thorndike) since late 1949. Paul Manter, Chief Operator (shown 
in the photo) has nothing but praise for the Chlorinizers. During the past 24 
years, he reports there hasn't been a call for service of any kind on these 
machines. Mr. Manter now expects the Chlorinizers will give two to three 
times more effective service life than originally estimated. 


This kind of performance explains why Builders Chlorinizers are gaining such 

wide acceptance for all types of chlorination assignments. Whatever control 

system you use .. . manual, program, semi-automatic, or flow-proportional 

. . .Chlorinizers will save you money and simplify your operating problems. 

Write for bulletins giving complete details on the four basic models of 
Builders Chlorinizers. Builders-Providence, Inc., 368 Harris Ave., 
Providence 1, R. |. 


BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, INC, 


FOUNDRY © PROP ORTIONEE RS, INC. OMEGA MATHINE CO 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
Paor. W. L. Samuet, Secretary 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Asen.* 
Quentin M. Mess, Sec-Treas 
721 N. Olsen 
Tucson, Ariz 


Arkansas Water and Sewage Conf.* 
De. Harnisow Hare, Sec.-Treas 
c/o Southern State College 
Magnolia, Ark 


California Sewage and Industrial Wastes Assen. 
J Sec.-Treas 
4822 N. Dunsmore Ave 
La Crescenta, Calif 


Canadian Institute on Sewage and Sanitation 
De. A. E. Beewy, Sec.-Treas 
Administrative Office 
72 Greenville St 
Toronto, Ontario, Canada 


Central States Bewage and Industrial Wastes 
Assen. 
Georce F. Beanavuer, Sec.-Treas 
713 Chapman St 
Madison, Wis 


Dakota Water and Sewage Works Conf. 


North Dakota Section” 
Jexome H. Sec.-Treas 
c/o State Dept. of Health 
Bismarck, N. Dak 


South Dakota Section* 
E. Carr, Sec.-Treas 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, 5. Dak 


Federal Sewage Research Asan. 
Kerra S. Krause, Sec,-Treas 
Room 4212A South HEW Bldg 
Washington 25, D.C 


Florida Sewage and Industrial Wastes Assen. 
M Dawkins, Sec.-Treas 
P. O. Box 4817 
Jacksonville 1, Fla 


Georgia Water and Sewage Assn.* 
T. Srorey, Sec.-Treas 
1210 Hemphill Ave., N.W. 
Atlanta, Ga 


(Germany) Abwassertechnische Verelnigung 
Orto Sec.-Treas 
Theaterstrasse 24 
Bonn, Germany 


Institute of Sewage Purification 
M. Kersuaw, Sec. 
10, Cromwell Place 
South Kensington 
London, 8. W. 7, England 


Institution of Sanitary Engineers 
Eenest V. Batsom, Secretary 
118 Victoria St 
Westminster, 8. W 


lowa Sewage and Industrial Wastes Assn. 
F. Sxouczesxt, Sec Treas 
207 South 15th Ave 
Marshalltown, lowa 


1, London, England 


Kansas Sewage and Industrial Wastes Assen. 
Rovest H. Hess, Sec.-Treas 
Supt. of Water and Sewage Treatment 
City Building 
Wichita 2, Kansas 


Kentucky-Tennessee Industrial Wastes and 
Hewage Works Asen. 
S. Leary Jones, Sec.-Treas 
420 Sixth Ave., N., Nashville 3, Tenn 
Loulsiana Conference on Water Supply and 
Sewerage * 
H. West, Sec.-Treas 
P. O. Box 15, Water Dept., Lake Charles, La 


* Sewage Works Section 


Maryland-Delaware Water and Sewerage Asen.* 
W. M. Brnotey, Sec.-Treas 
2411 N. Charlies St., Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Assn. 
D. M. Preece, Sec.-Treas 
Michigan Dept. of Health 
Room 334, Admin, Bidg., Lansing 4, Michigan 
Missourt Water and Sewerage Conf.* 
Wareew Keamen, Sec.-Treas 
c/o State Office Bidg., Sixth Floor 
Jefferson City, Mo 
Montana Sewage and Industrial Wastes Asan. 
Harvey W. Sec.-Treas 
Morrison & Maierle Inc 
Helena, Montana 
Nebraska Sewage and Industrial Wastes Asen. 
V. J. Lecnrenserc, Secretary-Treasurer 
614 Standard Oil Bidg., Omaha, Neb 
New England Sewage and Industrial Wastes 
Asean. 
Henry F. Munroe, Sec.-Treas 
75 Pine Avenue, Cranston 10, R. I. 
New Jersey Sewage and Industrial Wastes 
Assn. 
S. Kacnorsxy, Sec.-Treas 
P. O. Box 766, Manville, N. J 
New York Sewage and Industrial Wastes Assen. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plans, N. Y 
North Carolina Sewage and Industrial Waste 
W. E. Lone, He Sec.-Treas. 
Box 2091, Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bldg., Columbus 15, Ohio 
Chinhoms Water, Sewage and Industrial Wastes 
Conf.* 
Joun P. Smouse, Sec.-Treas 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Asan. 
Watter W. Saxton, Sec.-Treas 
408 Old Capitol Bldg 
Olympia, Wash 
Pennsylvania Sewage and Industrial Wastes 
sen. 
B. S. Busn, Sec.-Treas 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerte Rico Water and Sewage Works Asen. 
Ronert J. Auto, Sec.-Treas 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage and Industrial Wastes 
Asean. 
joun R. Peterson, Sec.-Treas 
376 City and County Bidg., Denver 2, Colorado 
South Carolina Water and Sewage Works 
Asen.* 
T. A. Sec.-Treas 
1329 Ellison Rd., Columbia, S. C 
(Sweden) Fireningen Fir Vattenhygien 
Jonsson, Secretary 
Box 5058, Stockholm 5, Sweden 
(Switeeriand) Verband Schwelizerischer Abwas- 
serfachieute 
Howincer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Asen.* 
Vv. M. Euvens, Sec.-Treas 
2202 Indian Trail, Austin, Tex 
Virginia Industrial Wastes and Sewage Works 
Asan. 
J. L. Hamatcx, Ja., Sec.-Treas 
415 W. Franklin St., Richmond 20, Va 
Weet Virginia Sewage and Industrial Wastes 
Asan. 
O. Fortney, Sec.-Tre 
State Dept. of Health, Charleston, W. Ve. 
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SEWAGE AND INDUSTRIAL WASTES 


Self-Scouring 


Elliptical VENTURI TUBE... 


Assures accurate measurement of sewage, sludge, or trade 
wastes at low velocity ... even under low pressure! Throat 
ellipse’s major dimension is vertical —equal to diameter of 
circular main section. 


Flat, Straight Top 
— prevents accumulations of 
air or gas that under certain 
conditions could impede flow 
and distort measurements. 


_ Horizontal Invert 
—a flat straight bottom, self- 
scouring of sediments or 
solids. 


Teamed with a Simplex Venturi Meter, this new Type VE 
venturi tube assures accuracy under low-flow for a wide range 
of pressures. 


For further information, write to Simplex Valve & Meter 
Company, Dept. SI-11, 7 E. Orange St., Lancaster, Pa. 
It’s Simplex — It’s Accurate 


VALVE METER COMPANY 
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SEWAGE AND INDUSTRIAL WASTES 


MEMBER ASSOCIATION MEETINGS 


Association 


Nebraska Sewage and Yancey Hotel . 3-4, 1955 
Industrial Wastes Asan. Grand Island, Nebr 


Florida Sewage and Orange Court Hotel Nov. 6-9, 1955 
Industrial Wastes Assn. Orlando, Fla, 


North Carolina Sewage Robert E. Lee Hotel Yov. 14-16, 1955 
and Industrial Wastes Assn. Winston Salem, N. C. 


York Bewage Belmont-Plaza 
ind Industrial Wastes Assan New York Cit 


New Jersey Sewage and Hotel Traymore 
Industrial Wastes Assn Atlantie City, N, J 


TWENTY-NINTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
California Sewage and Industrial Wastes Association 


Statler Hotel, Los Angeles, California 


October 8-11, 1956 
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SEWAGE 


AND INDUSTRIAL WASTES 


Here's a genuine 


“economy package” 


combining guaranteed depend- 


ability and a price fully competitive with that of a good centrifugal 


pump: the PACKEX* Se 


small buildings, 


Hjector. 
school, store, apartment building, ete. 


That's why it’s ideal for 


The vital features of PACKEX Ejectors are particularly attractive: 


@ Economical to Install —factory-as- 
sembled unit complete with air com- 
pressor and fittings, ready for electrical 
and piping connections. 
no concrete work, no electrical work. 
Operates on standard house current. 


No excavation, 


® Completely Sanitary—no open sumps; 
hermetically sealed pot eliminates odors, 
gases; prevents sludge accumulation. 


@ Clog-Proof—passes any solids that can 
enter the pot without pre-screening or 
shredding. 


®@ Trouble-Free—nothing to get out of 
order; no bearings to wear, no shafting 
to get out of line, no stuffing boxes 
to pack. 


@ Weatherproof—all 


moisture-proof in standard dry or damp 


electric elements 


underground installations. 


For detailed information call your local 
Yeomans representative listed in the Yellow 
Pages of your book 
“Pumps.” 


telephone under 


"A Yeomans Tradename 


YEOMANS Brothers Company 


1999-7 North Ruby Street 


Melrose Park, Illinois 


zal 
vA | 
| 
| Ideal for small lift stations 
PACKEX’® Sewage | 
Ejector by YEOMANS 
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what have they 


The rhino lives in wooded, watery 
districts of Africa and Asia. Its temper 

is short, its eyesight dim but its scent 

and heoring are very acute. Though heavy, 
it is extremely fleet of foot 

lt feeds mostly of night and its diet 

is lorgely vegetarian 


This cast iron main laid in 
Richmond in 1830 is still functioning 


atter more than a century of service 
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in common... 


THE RHINO 
AND CAST IRON PIPE...TOUGHNESS! 


The thick, tough hide of the rhinoceros makes it one of 


the hardest animals to bring down. Toughness is also a dominant feature 
of CAST IRON PIPE. It serves for centuries. 


AND HERE'S THE PROOF: 


To DAY. @ @ modernized cast iron pipe, centrifugally cast, 


is even tougher, stronger, more uniform. Where needed and specified, it is centrifugally 
lined with cement mortar to assure sustained carrying capacity throughout 

its long years of service. 

On its record, CAST IRON PIPE is the world’s most dependable carrier of water. 


Cast lron Pipe Research Association, Thos. F. Wolfe, Managing Director, 
122 So. Michigan Avenue, Chicago 3 


| 
; 
ny water uv Fusing 3 was i dc 
OF WATEE «DEPT. OF WATER OAS & 
WATER BUREAU OF THE «POTTSVILLE WATER COMPANY 
The @ Check stencilied on pipe ls the Registered 
Service tart of the Cast Pipe Associaten 
FOR MODERN WATER WORKS OPERATION 
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MANHOLE STEPS: 
GIVE THEM AN EXTRA MARGIN OF SAFETY 
WITH CORROSION-RESISTANT EVERDUR 


Manhole steps—of all sewage treat 
ment and waterworks structures—need 
extra corrosion resistance and depend 
ability. Everdur® gives it to them . . 
and adds the strength that really pays 
off . In greater safety, 

Everdur( lopper Silicon Alloys deliver 
the same corrosion resistance plus ease 
and economy of operation over the 
years 
bolts 
stems and electrical conduit. Everdur 
is easily fabricated into lightweight, 
built-up wrought-metal assemblies. 


to gates, screens, guides and 


weirs, float chambers, troughs 


Depending on type or composition, 
Everdur Alloys can be worked hot or 
cold. You can form, forge, weld and 
machine them. They are available in 
the form of plates, sheets, rods, tubes, 


electrical conduit and casting ingots. 

Write today for Anaconda’s free 
booklet, “Everdur Copper-Silicon Al- 
loys for Sewage Treatment and Water- 
works Equipment.” For specific help 
in selecting the right alloy for your 
equipment, consult our Technical De- 
partment, The American Brass Com- 
pany, W aterbury 20, Connecticut. In 
Canada; Anaconda American Brass 
Ltd., New Toronto, Ont. saieoa 


EVERDUR 


ANACONDA 


COPPER-SILICON ALLOYS 


STRONG WELDASLE * WORKABLE 
CORROSION RESISTANT 
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Over 35,000 feet of Clay Pipe, in 
diameters from 8 to 36 inches, 
will be imstalled over a 10-year 
period in Daytona Beach. Direct- 
ing the project are City Manager 
LeRoy Harlow, City Engineer 
C. B. Moneypenny, Water and 
Sewer Superintendent Ralph 
Brennan, and Project 
C. bk. Cannon of Metcalf & 


Leddy, Engineers. 


CLAY PIPE 


SOLVES A CORROSIVE SEWER GAS PROBLEM 


Engineers faced a double problem on the $667,000 bond- 
financed sewerage project in Daytona Beach, Fla, The 
sewage has a high content of corrosive hydrogen sulphide, 
and the sandy soil has a high water table, Vitrified Clay 
Pipe with hot-poured joints solved both of these problems. 


As expe srienced engineers know, Clay Pi »¢ is guaranteed 
for 50 years... valuable “insurance” for any bond- 
financed project. When public health and the taxpaye rs’ 
money are at stake, why take chances with substitute 


erials? 5S if 
CLAY PIPE PETTINGS are always Viteié Pus 
available to handle every twist and ay 


turn in the line. Thies “Y" Fitting, and be sure the 

for example, eliminates the need to job will last. 4 ‘its IG 
improvise makeshift joints between 

feeder lines and maina. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. iL AY 


1820 N Street N.W., Washington 6, D. C. 
206 Connally Bidg., Atlanta 3, Ga. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 
703 Ninth & Hill Bldg., Los Angeles 15, Calif. 
311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 


C6552 
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Floorstand equipped with Motor Unit control panel, 
motor, limit switch and push button station 


Chapman Motor Units have 
fewer components than any other 
units, providing greater depend- 
ability, much lower maintenance 
costs. 

There are only two pinions 
and two gears in the motor re- 
duction train: drift is eliminated 
and lash is negligible. 
valves seat tight, but not too 
tight. Operation is a/ways smooth 
and trouble-free. 


Your 


You can mount the Chapman 
Motor Unit in any position, at 
any angle required. The rugged 


CHAPMAN’S 
MOTOR UNIT 


for Valves, Floorstands 
and Sluice Gates 


Simple, durable mechanism of Chapman's Motor Unit. 
Handwheel remains stationary during motor operation. 


stub-tooth gears require no 
grease or oil bath . . . yet run 
smoothly, quietly, with minimum 
wear. 

Weatherproof and steam tight, 
Chapman's floorstand units are 
shipped completely wired, ready 
to connect to your power leads, 
for easy, rapid installation. This 
modern motor unit is depend- 
able and economical. Send for 
new catalog No. 51. 


The CHAPMAN Valve 


Manufacturing Company 
INDIAN ORCHARD, MASSACHUSETTS 


ig 
3 
1600 
| 
| 
4 
| 
| 


SEWAGE AND INDUSTRIAL WASTES 


Tronsite Sewer Pipe provid Bae. 
a lower-cost, more efficient, 


Be FORE YOU PLAN your sewer system 
it will pay you to consider carefully all 
the advantages listed on this page. 
They are typical of those that Trans- 
ite® Sewer Pipe has provided. Among 
them are real money-saving advan- 
tages important to all concerned with 
sewer systems . . . the contractor, the 
engineer, the taxpayer. And among 
them, in all likelihood, are many that 
Transite Pipe can put into effect under 
your own sewer system conditions. 


Typical System Design Advantages 

@ Installed in shallower trenches 

@ Savings in amount of material 
excavated 

@ Smaller earth loads 

@ Elimination of cradling 


@ Location of treatment plant at 
higher level 

@ Elimination of pumping 

@ Use of smaller diameter pipe 

@ Installation at flatter slopes 


Typical Installation Advantages 

@ Fewer joints @ Speedier assembly 

@ Easier handling @ Assurance that 

e@ Smaller crews joints pass severe 
infiltration tests 

Typical Operation Advantages 


@ Infiltration treatment cost 
drastically reduced 


@ Only normal sewage treated 


Typical Maintenance Advantages 

@ Tree roots kept out— minimizes 
cleaning 

@ Sewers kept smooth and intact — 
pipe stays strong, joints stay resilient 

@ Need for frequent inspections reduced 


For further information and your copy of TR-94A, helpful, widely used Sewer Design Flow Chart 
bosed on the Manning Formula, write Johns-Manville, Box 60, New York 16, New York 


sohns-Manville TRANSITE SEWER PIPE 


the asbestos-cement sewer pipe for tighter systems 
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“Thanks to the flexibility of our equipment 


we are able to take advantage 


of changing conditions” 


John D. McDonald, Engineer 
Springfield Sewage Disposal Plant 


COMBUSTION ENGINEERING 


RAYMOND DIVISION 


1315 Nerth Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Calif. 


Canada: Combustion Engineering-Superheater Lid. 


The C-E Raymond Flash Drying System 
is the most flexible ever developed 
It is available in designs that permit either 
flash drying sewage sludge to a marketable 
soil conditioner .. . or incinerating it to 
sterile ash —in any proportion and under 
complete control. In either case, high 
temperature deodorization of stack gases 
may be included if you wish. For details 
call your nearest C-E Raymond office. 
B-B66A 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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Six Link-Belt inclined bar screens, each 
with eight rakes, discharge screenings 
onto steel belt conveyor. 

- 


Sewage from grit and screen building flows Primary settling tanks use Link-Belt 
into six grit channels, where grit settle 

is removed by L-B grit collectors and wash- 
ing-dewatering screw conveyors 


s and longitudinal and cross collectors, scum 
skimmers and drives, 


Philadelphia’s Southwest Sewage Works demonstrates 


how to keep treatment capacity 
ahead of population growth 


ORESIGHT Was a key element in planning this 
F new Philadelphia sewage plant. It had to pro- 
vide practical waste treatment for a population of 
870,000 — yet be able to serve the estimated 
1,200,000 expected by 1970. Working with city 
engineers, Link-Belt helped supply the efficient 
screens, grit collectors and sludge collectors to 
handle 136 mgd. 

This $8 million plant is part of Philadelphia's 
ten-year, $80 million program for the elimination 
of stream pollution. Link-Belt Straightline Collec- 
tors were also chosen for the Northeast Works with 
a capacity of 125 mgd, completed in 1951 as the 
first phase in this huge project. 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., Chicago | 


Whether you're concerned with large municipal 
or small industrial waste treatment . . . or need the 
finest in modern water purification equipment — 
count on Link-Belt to provide maximum efficiency 
at all flow conditions. Our engineers can call on a 
complete line of equipment. . . will work with you, 
your chemists and consultants. 


SANITARY ENGINEERING EQUIPMENT 


To Serve Industry There Are Link-Belt Plants and Sales Ofhces 


in All Principal Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South Africa, 


Springs. Representatives Throughout the World. 
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Safe Handling of Surplus 


Sewage Gases 


Varec 


SEWAGE GAS CONTROL 
VARE 4 and SAFETY DEVICES 


Modern Sewage Treatment Plants, 
like other processing plants, require 
equipment specifically designed to main- 
tain conditions which will produce maxi- 
mum operating efficiency. 

VAREC equipment has become 
recognized as ‘'standard"’ for safe and 
efficient sewage gas handling. It is 
simple, foolproof and dependable — yet 
designed to meet the highest engineer- 


ing standards of accuracy, sensitivity 
and reliability. 

The photograph above illustrates a 
typical VAREC control and waste gas 
burner installation for safe disposal of 
excess gases. 

For additional details on this instal- 
lation, or information on other available 
VAREC equipment, contact your nearest 
VAREC representative or address: 


VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, Calif. 
Cable address: VAREC COMPTON Colif. (U.S.A.) All Codes 


$11 


Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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FUNNEL 


because both QCf Regular Round and QCF Rec- 
tangular Port Valves have port areas at least 
equal to the pipe itself. Result: no turbulence 
to flow of viscous ladings and no restric- 
tions to cause abrasion ... no loss of 
head pressure ... all highly desir- 
able features throughout the 
processing industries. 


Other important features 
are quick, quarter-turn 
shut off and Teflon* head 
seal gaskets, resulting in 
substantially lower main- 
tenance costs. 


Representatives in 50 
Principal Cities are 
ready to show you how 
to keep down valve 
maintenance costs. Write 
for Catalog 5, SL-11, 
Valve Division, 
Industries, Incorporated, 
1501 E. Ferry Street, 
Detroit 11, Michigan. 
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BS YAN 
Open Channel Meters 


for trouble-free low cost measurement of 


Sewage, Industrial Wastes, Sludge, Irrigation, Water Supply 
Bailey Meters offer these advantages — 


. Easy to Install and Maintain 


. Retain Accuracy 


5. Totalize Multiple Flows 


; Adjustable Capacities 


2 
3. Self Cleaning 


. Chemical Feed Control 
7. Flow and Ratio Controls 
. Low Cost 


For further information on how Bailey Meters 
can meet your needs, ask for Bulletin M22-5. 


MU25 


Bailey Meter Company 
1066 Ivanhoe Road . Cleveland 10, Ohio 
Meters and Controls for Sewage and Water 


Venturi Tubes + Flumes + Weirs + Nozzles «+ Orifices + Direct Mechanical and 
Remotely Located Registers + Air-Operated, Electronic and Electric Controls 
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Tnere's no substitute for 
CONCRETE and STEEL! 


LOCK JOINT 
combines 
these materials 
to make 
the ideal pipe! 


of Lock Joint Reinforced Concrete Pres 


sure Pipe 


Concrete, with its proven qualities of 
durability, non-corrosion, resistance to 
electrolytic action, and high compression 
strength is combined, by Lock Joint, 
with steel's toughness, resilience and high 
tensile strength to make a pipe that 
retains the best qualities of both— 

non tuberculance, high structural strength 
and long life with little or no 
maintenance. Dense concrete affords 
complete protection for the quality 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 


PRESSURE PIPE PLANTS: Wharton, N. J., Turner, Kan., 


Detroit, Mich., Columbia, 8 
SEWER & CULVERT PIPE PLANTS 


Casper, Wyo. « Cheyenne, Wyo. + Denver, Col. « Kansas City, Mo. 
Kennett Square, Pa. « Valley Park, Mo, + Chicago, Lil 


Island, Dl. + Wichita, Kan. + Kenilworth, N. J. « 


Hartford, 
+ North Heven, Conn. + Tucumcari, N. Mex. + Oklahoma 
City, Okla. + Tulsa, Okle + Beloit, Wis. + Hato Rey 
Ponee, P. R. + Caracas, Venezuela -« Wholly Owned Subsidiary, 


reinforcing steel, Both materials are 
carefully calculated to meet your pressure 
needs with a wide factor of safety. The 
Lock Joint Pipe Company’s Rubber 

and Steel Joint is extremely watertight 
and, at the same time, flexible. 


For superior strength, carrying 
characteristics and trouble-free operation, 


let Lock Joint supply your pipe needs 
in sizes 16” and larger 


Hock 


Great Lakes Pipe Co., Plants: Buffalo, N.Y. + W. Henrietta, N.Y. 


SCOPE OF SERVICES—I-ck Joint Pipe Company specializes in the manufacture and in- 
stallation of Reinforced ( ancrete Pressure Pipe for Water Supply and Distribution Mains 


16” in diameter or larg 7. ac well as Concrete Pipes of all types for Sanitary Sewers, Storm 


Drains, Culverts and aqueous Lines, 


3 
4 be Placing outside form, prier to pouring 
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THE COILFILTER 


“Sanitary Engineers’ Notebook 
MEMO: 


Several types of vacuum pumps May be used in sludge de- 
watering installations Centrifugal water sealed types such as 
Nash Hytor: Rotary positive types with or without water seal, 
uch as Roots Connersville Piston type dry vacuum pumps, 
such as Worthington oF Ingersoll Rand. Specific conditions 
of each installation dictate the choice of vacuum pump. 
Each has its proper place, depending upon the size and lay- 


out of the installation. 


A mixture of filtrate and air 'S drawn through the filter by 
the vacuum pump For COILFILTERS with an area of 85 
or 100 square feet, a special vacuum pump 's used which 
handles both air and filtrate For larger installations, the 
two are usually separated in a vacuum receiver installed be- 
tween the filter and the vacuum pump Air is exhausted by 
the vacuum pump from the top of the receiver and filtrate is 
pumped out of the bottom A self-priming centrifugal pump 
with water sealed stuffing box and a ball check valve on the 


discharge is most dependable for filtrate service 


The prefabricated vacuum and filtrate assembly, pioneered 
and used exclusively by Komline-Sanderson, includes the re- 
ceiver, vacuum pump and filtrate pump neatly arranged on 


a structural steel base, with interconnected piping 


KOMLINE-SANDERSON 


ENGINEERING C 
ORPO 


‘ 

: 

3 

‘4 

; 

: 

om 

2 

3 

3 

3 

Nine 

M 

lenvfacturers of COILFILTER sludge vacuum filters 

: 

4 


SEWAGE AND INDUSTRIAL WASTES 


ITS NEW!! REVOLUTIONARY!! 


(ROTAGRATOR | 


® 
ROTAGRATOR 


screen and 
comminutor 


Here is a unit that really screens and comminutes 
coarse sewage material without removal or 
rejection from the flow. Solids are held upstream 
until they are reduced to a size that permits 
passage downstream. Unpleasant and expensive 
manual! removal methods, odors and other 
nuisances are eliminated when the “Rotacrator” 
comminutor is installed. This equipment 
operates at a low head loss, and efficiently 
handles a wide variety of solids. 

Straight line installation reduces initial costa. 
Low power requirements reduce operating costs. 


The “ROTAGRATOR” screen and comminutor was 
developed for larger communities to complete 
InFiLco’s extensive line of sewage and waste 
treatment equipment. For more information 

on the “RoTAGRATOR” comminutor and other 
INFILCO equipment, see your Consulting 
Engineer and write for literature. 


Typical materials that have been 
successfully comminuted in the 
“ROTAGRATOR” comminutor include: 


The one company 
offering engineered 
equipment for all 
types of water ond 
waste processing — 
coagulation, 
precipitation, 
sedimentation, 


INFILCO INC. 
921 South Campbell Ave., Tucson, Arizona 
Field offices in principal cities in North America waz 


| 
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At Pittsfield, Ilinois... 


INDUSTRIAL 


PET Rotary Distributor jor 85' filter bed; right, 35° digester with 


WASTES 


PFT Floating Cover 


A modern trickling filter plant adopts 
PFT “CONTROLLED DIGESTION” 


Pittsheld’s well planned sewage treatment plant 
serves as a model for communities of its size 
Designed for a population equivalent of 5,000, it 
operates economically and efficiently with several 


items of modern PFT equipment. 


A PFT Rotary Distributor serves as key equip 
ment in the secondary treatment process by pro 


viding uniform distribution of settled sewage 


over the entire trickling filter bed 

Equipped with PFT Low-Loss Overflows, the 
distributor automatically operates as a 2 arm or 
+} arm unit to accommodate the wide range of 
PFT's 


jet design assures uniform 


flows normally found in smaller plants 


exclusive spreader 


PFT Rotary Dis 
tributor showing 
rugged construc 
tion of center « ol 
and Lou 


Loss Overflows on 


umn 


Ser ondary arms. 


PORT CHESTER, MATEO, CALIF 


distribution at all flows and effectively eliminates 
clogging. 

For accelerated trouble-free 
service, a complete “Controlled Digestion” sys 


digestion and 


tem was installed consisting of the following 
items from PFT: 

PFT Floating Cover for the 35’ digester; PF7 
Heater & Heat Exchanger; PFT Supernatant 
Liquor Selector Sight Glass & 
Sampler unit; PFT Gas Safety Equipment. 
PFT 


Pittsfield’s consulting engineers by showing the 


with Gauge, 


Early in the planning stage, 


assisted 


adaptability of its equipment in meeting specific 
plant requirements 


Warren & Van Praag, 
Consultin 
Decvatu 


Design of 


alin 
plant by neers, 


te treatment equipment 


sively s e 1893 


PACIFIC FLUSH TANK CO. 
4274) Ravenswood Ave 
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General view of the plant during final stages of construction. Dorr Conmting Engineers, GIBBS & HILL, INC, New York, Mew York 


Primary Thickener is in foreground with Currie Clarcetors in rear 


West Virginia Pulp and Paper Company 
Pioneers New Waste Treatment Process 


Dorr-Oliver Equipped Plant Sets 
Pattern for Industry 


Covington, Ve. Industrial waste round-the-clock analysis of pilot with one control panel governing 
treatment has taken a major step plant results the process and recording results 
forward with the start-up of this new The flowsheet as developed is Average treatment plant design is 
plant at West Virginia Pulp and unique. Basically it employs the ac 16 MGD with a maximum capacity 
Paper Company's Covington, Va., tivated sludge proceas, one of the of 25 MGD. Major equipment units 
mill. A‘ firet” for the alkaline pulp standard methods for treating mu include a Dorr Primary Thickener 
ing industry, it pointa the way nicipal sewage. A departure from and two Currie Claraetors.* These 
toward a solution of these tough-to standard practice is the addition of latter units employ Dorr Final Clari- 
handle wastes. Two years of pilot certain nutrients essential to the life fiers surrounded by annular aeration 
plant work went into the final design of the bacteria which carry out the channels. In this way two distinct 
and the Covington mill's River Re treatment process. Another is split phases are carried out in a single 
search Group worked closely with the treatment providing primary sedi unit. When the plant reaches full op 
National Council for Stream Im mentation for the portion of mill eration an estimated BOD reduction 
provement throughout all phases of wastes containing solids and then of 80-90% will be made in the mill 
the project. The firm of Weston, parallel aeration and final sedimen effluent being discharged to the 
Eckenfelder and Hood was also tation for the entire flow. A third is Jackson River 

called in to make an intensive the use of complete instrumentation Derr-Oliver incorporated, Stemterd, Conn. 
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PRINCIPLES OF ACTIVATED SLUDGE OPERATION 


By N. Torrey anp A. H. CHasick 


Respectively, Engineer of Treatment and Associate, 


Bureau of Sewage Disposal Operation, 


Departme nt of Public Works, New York City, N. Y. 


Considerable attention has been de- 
voted to the theoretical aspects of the 
activated sludge process and the de- 
sign of the required units. On the 
other hand, less material has been pub- 
lished regarding principles relating to 
the control of the process and its modi- 
Kor a number of years the 
authors have been directly concerned 
with the details of treatment methods 
for obtaining effective and stable op- 
with due for 

This comprised control over 


fications. 


eration consideration 
economy. 
various modifications of the activated 
sludge process at eight biological treat- 
ment plants treating from 11 m.g.d. 
to more than 200 m.g.d. of domestic 
rom and com- 
parison of the performance of these 
plants certain concepts and procedures 
were derived which have been useful 
in the control of the activated sludge 
It is believed that these con- 
may be of assistance in estab- 
lishing treatment criteria suitable to 
conditions found in other localities. 


observation 


sewage. 


process, 


cepts 


Conventional Activated Sludge 


During the course of many years of 
operation, the activated sludge plant 
has been developed and standardized. 
The principal features of the conven- 
tional activated sludge sewage treat- 
ment plant are shown in Figure 1. 
or essentially domestic sewage from 
communities with normal per capita 
water consumption rates, the require- 
ments are about as follows: prelimi- 


for about one 
hour; aeration for six hours, based on 
sewage flow plus 25 per cent return 
sludge; and final sedimentation at an 
overflow rate of 1,000 gal. per sq. ft. 
per day. A plant so designed may be 
expected to remove about 90 per cent 
of the B.OLD. 
and to perform with reasonable sta- 


nary sedimentation 


suspended solids and 


bility with proper operation. 

The operating controls of a conven 
tional activated sludge plant are com- 
These inelude the 
air supply rate, return sludge rate and 
oxperi- 
ence has shown that the air should be 
adjusted to maintain 2.5 to 5 p.p.m, 
of dissolved oxygen in the liquor at 
the aerator outlet; that return sludge 


paratively limited 


aerator solids concentration. 


rates in the order of 25 to 35 per cent 
of the sewage flow are satisfactory; 
there restricted range 
of aerator solids concentration which 
will produce high quality effluents and 
promote process stability. 


and will be a 


Reducing Aerator Volume 


In conventional aeration systems it 
often has been demonstrated that the 
clarification of the accom- 
plished in the first small fraction of 


sewage is 


the aeration tank. Why, then, are 
such large volumes of aeration tank 
required? What would be the effect 


of attempting to operate with one-half 

the usual volume of aeration tank? 
Consider an activated sludge plant 

treating normal domestic sewage, as 


1217 


— 


SEWAGE AND 


INDUSTRIAL 


WASTES Nove mber, 1955 


Aeration 
Primer 

oe 

Settling Tenks 
Sewage 
1 hour det. 


Tanks 


6 hours detention 
(aewace + 254 
return sludge 

flow) 


Pinal 
Settling Tanks 


Pinel 


2 hours det. Efiuent 


overflow - 1000 
gels. per eq.ft. 
per day 


Return Bloage 


FIGURE 1 


Figure 1, with an 


tor liquor concentration of 1,000 p.p.m 


illustrated in aera 
Ol uspended solids 
of the 

‘rvice, ket 


Suppose one halt 


aeration tanks were taken out 


ping the other operating 
factors, uch as air ratio, return 
sludge rate and aerator solids concen 
tration the same, while treating the 

Within 


sludge 


same flow about a 


seware 
week the activated will become 
so voluminous and its settling proper 


ties so impaired that the process fails 
Sludge Age 


A straightforward explanation ol 
the above phenomenon is that the re 
duction to one-half of 
aerator volume also cuts the weight of 
This 


was un 


the previous 
activated one-half. 
of culture 
able to accommodate the load and still 


sludge by 
reduced quantity 
retain its normal biological and physi- 
One this 
ratio of culture to formu 
lated by R. H 
‘sludge 


cal properties measure of 


load was 
Gould, who designated 
This 


the average time a par 


” 
age 


it as 


be define d as 


term may 
ticle of suspended solids remains un 
der aeration. It is expressed mathe 
matically as the dry weight (pounds) 


of activated sludge in the aeration 
tanks divided by the suspended solids 


load (pounds per day) in the sewage 


| Effluent 


Thickener 
Bxcess Sludge 


\ 


Thickened Sludge 


Flow diagram of a conventional activated sludge sewage treatment plant. 


entering the Based 
effluent concentration of 
JO p.p.m. of suspended solids, the acti 


vated sludge system with a 6-hr. aera- 


aeration system, 


on primary 


tion tank was therefore operating at 
5.5 days sludge reducing 
one-half and main- 

suspended 
concentration, the sludge age was low 


age. By 
aerator volume by 
taining the same solids 
ered to 1.75 days, which was below 
the critical limit for stable operation 
Can the 3-hr. aerator be operated and 
still maintain adequate sludge age? 
Consider the plant with 6-hr. aera 
tion aerator solids 
concentration of 1,000 p.p.m. and op 
erating satisfactorily at a sludge age 
Suppose one-half of the 
aeration tanks are taken out 


tanks, having an 


of 3.5 days. 
of serv- 
ice and all the activated sludge solids 
transferred to the other half. The 
will increase to 
p.p.m ean be maintained 
at that level, thus keeping the sludge 


concentration there 


2 000 and 


age unchanged. This heavily loaded 
system will function only as long as 
the settling properties of the activated 
sludge remain excellent. It should be 
pointed out that the same final set- 
tling tanks are now receiving activated 
sludge solids at twice the concentra- 
tion and, hence, twice the former rate. 


If attempts are made to compensate 


nen : 
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for this higher solids loading by in- 
creasing the return sludge rate, it can 
be demonstrated mathematically (see 
Appendix) that to maintain the pre- 
vious return sludge solids coneentra- 
tion would require an increase in the 
return sludge flow-rate from the 
former 25 per cent to 72 per cent. 
If the 6-hr. aerator system normally 
required 35 per cent return sludge 
flow, in order to accommodate double 
the rate of solids addition to the final 
the flow would have to 
be inereased to 119 per cent. The 
activated sludge plant does 
the facilities to meet these 

The usual outcome would 
be the accumulation of a deep sludge 


tanks return 
average 

have 
conditions. 


not 


blanket of activated solids in the final 
tanks. Prolonged detention there in 
the would 
deterioration and, finally, 
the 

Actually, as far as the performance 


absence of oxygen cause 


failure of 


process 


of the final tanks is concerned, a most 
significant factor is the volume occu 
pied by the activated sludge solids af- 
ter settling for short periods. A com- 
monly accepted method for measuring 
this property is to settle a 1-1. sample 
of aerator effluent in a cylinder for 
14 hr. and to read the per cent of the 
total volume oceupied by the settled 
Then rate of formation of 
settled sludge volume in the final tanks 
is the mixed liquor flow times this per 
centage divided by 100. Manifestly, if 
a short solids detention period is to be 
attained in the sludge blanket, the re- 
turn sludge flow should be equal to or 
greater than the flow of settled sludge. 


sludge. 


NSludae 


Density Index 


The relationship of aerator effluent 
suspended solids concentration to set- 
tled eylinder volume is called the 
sludge density index and is expressed 
as: 


Sludge Density Index 


aerator susp. sol. conc. (p.p.m.) 
100 settled volume 


DGE 


PRINCIPLES 


Physically, the sludge density index 
is the concentration in per cent solids 
that the activated sludge will assume 
Based on the 
above expression, it can be seen that 
at a index the settled 
cylinder will vary directly 
with the aerator effluent concentration. 

For a return sludge rate of 25 per 
cent of the sewage flow, the maximum 
permissible cylinder volume is 20 per 
cent, calculated from the relationship: 


after settling for 4 hr. 
given sludge 


volume 


Per cent settled volume 
return sludge flow 


- «100 
sewage-+return sludge flow 


At various aerator effluent concentra 
tions, the indices at which the settled 
cylinder volume will be 20 per cent 
are: 


Aerator Effluent 
Concentration 


Sludge Densits 
ndex 


SOO 
1,000 
1,500 
2.000 


05 
O75 
10 
Thus, for a given aerator effluent 
concentration, there is a critical value 
of the sludge density index below 
which the formation of settled sludge 
in the final the re- 
turn index de- 
and an at 
made to final tank 
reducing aerator effluent 
concentrations, the sludge age is cor- 
If the sludge 
age becomes less than its critical mini- 
mum, the will fail the 
basis of insufficient sludge age. 
From these considerations it ap- 
that attempts to sub- 
stantially the volume of an aerator, 
operated in the conventional manner 
with than 6-hr. detention, will 
usually fail. Furthermore, significant 
increases of load on the 6-hr. aerator 
must be with a corresponding 
rise in aerator suspended solids con- 
centration in order to maintain ade- 


tanks will exceed 
rate If the 
value 


sludge 


creases below this 


tempt is restore 


balance by 
respondingly lowered. 


process on 


pears reduce 


less 


met 


‘ 
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Primary Effluent to eonduite 


SEWAGE AND INDUSTRIAL WASTES 


November, 1955 


Return Sludge 


A 
B 
D 


Aerator 
Effluent 


FIGURE 2.—Flow diagram 


This 
correspondingly higher burden on the 
settling tanks A 
ally operating activated sludge plant 
is thus limited in 


quate sludge age 


imposes a 


final convention 
its ability to ac 


commodate overload 


Step Aeration 


In order for an activated sludge 
system to operate successfully, there 
must be provisions for storing enough 
culture in the aeration tanks to pro 
age while main- 
taining low suspended solids concen- 
the final 
method of operation has 
devised, called aeration, 
the aeration 


tanks of one-half the conventional size 


vide adequate sludge 
tration entering 
tanks A 
been 
which 


settling 


step 
permits use of 
while still satisfying the foregoing eri- 
teria. This was accomplished by pro 
viding facilities for adding portions 
of the primary effluent along the course 
of the flow of the return sludge through 
the aerator. A practical applicatien 
of this principle to a four-pass aera- 


The 


enters at the beginning 


s shown in Figure 2. 
return sludge 


tion tank 
of the aerator and the primary efflu 
ent may be added by means of the 
the various passes, 
marked A. B, C and D in the direction 
of flow. 


step gates’’ to 


—. step gate 


of a step-aeration aerator. 


For a 3-hr. aerator (sewage plus 25 


per cent flow 
effluent 


pended 


return and a primary 


containing 90 p.p.m. of 


day 


SUS- 


solids a 3 


sludge age 
will require an average concentration 
of 2,000 the aera- 


If the aerator is operated 


p.p.m of solids in 


tion tank 
as a conventional unit, each pass will 
contain 2,000 p.p.m. of solids and will 
cireulate this through 
the final tanks. By using the step 
vates for incremental addition of pri- 
mary effluent, the aerator effluent con- 
centration may be markedly reduced 
Figure 3) while maintaining the same 


sludge age 


concentration 


As sewage additions are shifted to- 
the outlet, 
under aeration at 


wards culture is 
higher con- 
centrations toward the inlet, and the 
the effluent 
Thus conventional opera- 

requires that the sludge 
density index must equal or exceed 
1.0 in order to limit settled sludge 
volume to a maximum of 20 per cent 
On the 
other hand, by shifting sewage addi- 
tions to the C-—D pass (Mode 4), set- 
tled sludge volumes would be limited 
to the critical 20 per cent as long as 
the sludge density index is above 0.35. 
Because of this facility, step aeration 


aerator 
stored 
concentration of aerator 
Is reduced 

tion (Mode 1 


and favor stable operation. 
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can accommodate the normal range of 
index with a 3-hr. aerator (detention 
computed on conventional flow pat- 
tern). Moreover, by sacrificing flexi- 
bility and confining sewage additions 
to the C-D pass, the step aerator may 
operate at 150 per cent of the normal 
sewage load as long as the sludge 
density index exceeds 0.52 (based on 
an average aerator concentration of 
3,000 p.p.m. suspended solids and 
aerator effluent of 1,040 p.p.m.). 


Choice of Additions 

In the operation of any step aerator, 
the first consideration is the daily raw 
suspended solids load in the primary 
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effluent. This quantity is multiplied 
by the chosen sludge age to determine 
the weight of activated sludge solids 
required in the aeration tank. For a 
given tank volume, the average aerator 
solids concentration may then be cal- 
culated. In order to limit cylinders 
to a maximum of 20 per cent at a 
sludge density index more than 0.5, 
the aerator effluent solids concentra- 
tion should not exceed 1,000 p.p.m. 
The ratio of average aerator solids 
concentration to aerator effluent solids 
concentration will then dictate the 
mode of addition. Some primary efflu- 
ent may be added to the first pass of 
the aerator when this solids ratio is 


Mode 1 1004 primary effluent 
25% return, | A B D 
( effluent 
9640 | 2000 2000 2000 2000 173000 ppm) 
average ‘aerator - 2000 ppm, 
25% 5% 25% 25% primary effluent 
A B Cc D aerator 
ffluent 
RRM) 3060 2070 1580 1290 (1290 pred 
average aerator - 2000 ppm, 
Node 5 0% 43.3% 33.3% 44.4% primary effluent 
25% return 
n B Cc aerator 
( op effluent 
4210 PR 4110 1810 1190 890 (890 pam) 
average serator - 2000 ppm. 
Mode 
50% 50% primary effluent 
258 return A B Cc D aerator 
sludge effluent 
(3110 ppm) 3110 3110 1100 690 1690 ppm) 


average aerator - 2000 


FIGURE 3.—The influence of different modes of sewage addition on aerator 
concentrations at constant sludge age. 
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than 1.55 (2,000/1,290) 
Mode 2 As this 


it 18 Necessary to completely close the 


(Figure 
ratio increases 


A pass gate For a solids ratio of 
about 2 to 1, B and C 
or by, © and D pass addition, may be 
employed As the ratio approaches 
to 1, it is neces ary to close the B 
as well as the A gate, thus 
primary effluent to only the C and D 
The 


any combination of step gate additions 


pass addition, 


adding 


Passes solids concentrations for 


may be caleulated mathematically 


see Appendix ) 


Control af Solids 


In actual plant operation, however, 


average aerator solids concentra 


determined daily by analysis 


vrab composite 
The 
ludge 


the chosen 


time, 


sample from all 


he passes rate ol wasting act! 


adju ted to maintain 
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are kept 


vated 
sludge age At 
settled sludge volumes 
below 20 


per cent by the use of an 
addition In 
hiehe r 
loading due to peak 
the set 
per 
cent As 


Increases 


appropriats mode of 


yractice, in order to overcome 
| 


final tank solids 
limit 
volumes to 15 
than 20 


sludge 


flows, it is desirable to 
tled 
rather 
ettled 


per 


sludge cent 
the 


over 


per 
volume 
lower sludge 
density index, the addition of sewage 
shifted outlet 

in order to aerator effluent 
limit 
the 

the settled sludge vol 


cent due to a 


toward the aerator 
lower the 
solids coneentration 
the settled sludge 
hand, if 


drop be low 


and hence 
volume 
other 
per cent for 


se ware 


any 


sustained per od, addition is 
hifted 


outlet in 


gradually away from the 
order to 
this 
These 
the 


trend of several days duration 


aerator 


better 


promote 


clarification from denser, 


higher index sludge changes 
basis of a 
When 
conditions are favorable, the position 
of the 


he changed 
for months 


usually are made on 


step gates may not 


Experience with step aeration opera 


tion has been confined between the 
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Modes 2 


may be 


limits of 
which 


and 4 (Figure 3), 
considered rather mild 
‘stepping’’ of the 
Within these limits it 
has been possible to satisfy the oxygen 
requirements of the with the 
diffusion capacity. In 
control of frothing it 


to rather severe 


flow addition 
system 
installed air 
the been 
helpful to add at least some primary 
effluent to the last pass of the aerator, 


has 


where froth production is usually most 
acute 


Aw Supply 
The rate of air supply is adequate 
when controlled to maintain from 2.5 
to 5.0 p.p.m, 
aerator outlet. 


of dissolved oxygen at 
Major changes in 
the 
trend 
individual determina 


air supply 
the 

than on 
Some may be 
given to lowering the air supply rate 
during the low flow night period. At 
the rate 
months. 
With step aeration it has been un- 


rate are made on 


basis ol dissolved 


oxygen 
rather 


tions consideration 


plants, however, 


some 


may 
remain unchanged for 
necessary to vary appreciably the re 
turn sludge flow. Return sludge rates 
the 
proven adequate 
Once established, these rates are main 


of 25 to 35 per cent of average 


sewage flow have 
made 
sible by controlling settled sludge vol 
umes by changing the mode of addi 
tion to the aerator and thus limiting 
the solids load on 
tanks. 

The operation of step aeration de- 


tained for years. This is pos- 


the final settling 


pends upon units of the proper type 
and optimum results 
Preliminary settling tanks, providing 


capacity for 


about one hour detention, are useful 
in lowering over-all raw sludge volume 
and air This is im 
portant considering that step aeration 
makes heavy demands on air diffusion 
capacity 


requirements 


Air ratios are comparable 
to those required in conventional acti 
vated sludge plants, but the air must 
be supplied to aeration tanks of about 
one-half conventional capacity. A dif- 
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fusion system capable of supplying 
these higher air demands per unit 
aerator volume should be provided. 


Final Settling Tanks 


Previous discussion has indicated 
the importance of final settling tanks 
to the activated sludge process. These 
tanks must not only produce an efflu- 
ent of acceptable quality at reason- 
able overflow rates but must separate 
and deliver a fresh activated floc to 
the return sludge pump. These ecri- 
teria can be satisfied by the ‘‘Gould”’ 
type final tank which utilizes the phe- 
nomenon of sludge density currents, 
as shown in Figure 4. 

Type 1 tanks have been utilized in 
sewage treatment plants served by 
sanitary sewer systems. The Type 2 
tank is a means of accommodating the 
effects of varying salt water infiltra- 
tion caused by tidal action on com- 
bined sewer systems. A decreasing 
density of liquor entering the final 
tanks causes currents to rise near the 
inlet and carry solids to and along the 
water surface. The outlet weirs are 
placed as far as possible from the in- 
fluent end of the tank in order to 
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minimize solids carryover by these 
currents. The common feature of both 
types of tanks is the introduction of 
aerator effluent near the tank floor and 
the flight action in the same direction 
as the density flow of the sludge to 
the return sump. 


Sludge Thickener 


In order to maintain the desired 
sludge age, activated sludge solids 
must be removed from the system at 
the same rate as they are being formed. 
To keep the volume of the removed ex 
cess sludge solids to a minimum, sepa- 
rate thickening tanks are often pro- 
vided. These tanks receive the dilute 
sludge and concentrate it in prepara- 
tion for disposal. Circular thickening 
tanks equipped with picket fence 
mechanisms have been suitable for 
this purpose at loading rates up to 4 
lb. per sq. ft. per day of activated 
sludge solids. At rates of addition of 
aerator effluent of approximately 500 
gal. per sq. ft. per day of thickener, 
the effluent will be of acceptable qual- 
ity. The thickening of return sludge 
alone, however, has given rise to some 
difficulty, inasmuch as long liquid de- 


Type 1 
Effluent trough 
Inlet 
Port ) Liquor flow ) 
Sludge flow 
Plights to return 
sludge pump 
Type 2 
= Effluent trough 
Inlet ' 


Sludge flow 


Plights 


pal + n o n 


Flights 
to return 


sludge pump 


FIGURE 4.—Diagrammatic representation of the “Gould” type final settling tanks. 
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tentions resulted in septicity and some 
loss of sludge concentration. 


Discussion 


As has been previously stated, aera 
tion tanks with facilities for step flow 
addition have accommodated higher 
loadings when dissolved oxygen, set 
tled sludge volumes and return sludge 
flow have been held within given lim 
its. Similarly, operation has demon 
strated that sludge age must also be 
kept within certain limits for favor 
able results. For the conditions en- 
countered; namely, the treatment of 
domestic sewage from a community 
with somewhat higher than normal 
water consumption, the lower limit of 
sludge age may be taken as three days 
Any attempt to operate at substanti- 
ally below this limit for a period ex 


ceeding a few days results in the 
formation of a voluminous floe with 


emaindet 


poor settling qualities and a_ low 
sludge index. Usually this overloaded 
sludge is characterized, microscop! 
cally, by large numbers of filamentous 


aeration 


step 


The upper limit of sludge age ap 
pears to exhibit some tolerance based 


Wes 


on local conditions Operation at 


c 
° 
be 
a 
~ 
= 
= 
a 
a 


ha 


sludge ages substantially above the 


flov 


upper limit is indicated by peptization 


of the floe and consequent deteriora 
tion of the effluent This starvation 


TABLE I. 


of the sludge, if allowed to persist, may 
result in a complete breakup of the 


activated sludge 


1954 during } 


floc into small diserete particles with 
poor coagulating properties. The up- 


per limit of sludge age seems to be 


itional 


M it 


between 4 and 6 days, depending on 
the particular treatment plant Be 
cause of these considerations, operation 
is confined to a sludge age ranging 
from 3 to 4 days for most plants 
Some typical results of treatment at 
the New York city treatment plants 
regularly employing the step aeration 


dified aeration Jan 


activated sludge process are shown in 
Table | It is believed the effluent 
quality and air requirements approxi- 


alcula ion based on conve 
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Aeration Tanks 


2 hours detention 
(sewage + 10¢ return 


Final Settling Tanke Pinel 


2 hours detention Effluent 
overflow - 1000 gals. 


r' sludge flow) per eq- ft. per day 
Return Sludge R.S. 
pump 
E.8. 
pump 


Effluent 


Thickener 


Excess 


: Thickened — 
Disposa 


FIGURE 5.—Flow diagram of a modified aeration sewage treatment plant. 


ventional activated sludge operation 
using 6-hr. aeration tanks. In fact, 
the most favorable results were at- 
tained at the Wards Island treatment 
plant with the lowest aerator deten 
tion 

The step aeration process affords full 
activated sludge treatment, using only 
one-half the conventionally required 
aerator volume. In addition to sav- 
ings in construction cost, there is a 
significant decrease in site area re- 
quirements. This is particularly im- 
portant in densely populated areas 
where it may not be possible to obtain 
sufficient land to build the conven 
tional type treatment plant 

In the operation of the activated 
sludge process the step aeration facili- 
ties provide flexibility for meeting 
changes in the settleability of the floc. 
Aerator loadings up to 50 lb. of B.O.D 
per day per 1,000 eu. ft. of aerator ca 
pacity, based on yearly averages, have 
been successfully accommodated, Some 
assistance in controlling frothing in 
the aerators is provided by the step 
addition of sewage. 

Operating costs for both the step 
aeration and conventional activated 
sludge processes are essentially equal. 
Labor charges, compressed air power 
costs and volumes of sludge for dis- 


posal are about the same. These op 
erating costs may only be reduced by 
utilizing processes affording substanti 
ally lower treatment efficiency. 


Modified Aeration 


For some receiving waters, condi 
tions may require higher removals 
than can be provided by plain sedi 
mentation, yet may not demand the 
treatment efficiency and high cost of 
activated sludge. Based on experi 
mental work there was developed and 
placed in service a method of obtain. 
ing intermediate clarification which is 
referred to as modified sewage aera 
tion. 

It was found that when the sludge 
age is extremely low, a stable process 
of biological sewage treatment results 
Modified aeration may be adapted to 
activated sludge plants by providing 
means for maintaining these low 
sludge ages, or it may be employed 
in plants designed for and limited to 
this procedure. A typical flow diagram 
of a modified aeration plant is shown 
in Figure 5 

This process is normally operated 
with aeration tanks having about 2 
hr. detention, based on sewage flow 
plus 10 per cent return sludge, and 
final settling tanks overflowing at 
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about 1,000 gal. per sq. 
furnished 
quantity of settled 
final tanks to the 
and to the 
desired 


ft. per day 
Facilities are for directing 
a limited sludge 
from th aeration 


tanks thickening tanks 
proportion, in 


to control the sludge age. 


inh any order 

The process can be operated satis 
factorily without primary sedimenta 
tion tanks, although possibly at some 
The final 
equipped for 


increase in air requirements 
tanks must be 


the removal of the yvrease load which 


settling 
passes through the aerators, A variety 
of ty pes of settling tanks have been 
satisfactory, including center feed cir 
cular clarifiers. Thickening is best ac- 
complished in circular tanks equipped 
with picket-fence mechanisms. Be 
cause of the higher concentration ob 
tained with modified aeration sludge, 
these tanks may be loaded at the rate 
of 15 lb. per sq. ft. per day or higher 
Some method of diluting the 
ludge thickening 
necessary to 


eCXCeCSS 
prior to may be 


maintain overflow rates 


high enough to avoid septicity 


Sludge Age Control 


In the operation of modified aera- 
tion, control of the sludge age is es 
sential. If the sludge age is too low, 
effluent quality is reduced and if it 
critical limit, settleability 
of the sludge is lowered Prolonged 


exceeds a 


operation at these higher age levels 
results in the growth of various organ 
with bulking sludges 
and in eventual process failure. The 
limit is 
affected by the characteristics of the 
treated. Also, as 
age strength and temperature increase, 
this upper limit of sludge age de- 
creases If biological stability is to 
be maintained, the operating sludge 
age must be reduced below that limit 

A determination used by the plant 


isms associated 


magnitude of this upper age 


se ware being se W 


control is the 
index, An index of 
about 2.0 indicates operation close to 
the correct age range, while a higher 


operator for process 


sludge density 


SEWAGE AND INDUSTRIAL WASTES 


November, 1955 


index signifies that the sludge age may 
be raised. <A continued 
index is a signal of possible process 
failure lowering the 
sludge age. These considerations apply 


decrease in 


and requires 
to dry weather conditions only, as silt 
brought into a plant by rainfall pro 
duces temporarily high indices. 

The sludge age is proportional to the 
concentration of suspended solids in 
the aeration tanks as determined by 
the proportion of sludge to 
excess sludge flow. To raise the sludge 
age the return sludge flow is increased 
relative to the excess sludge and the 
age may be lowered by decreasing this 


return 


ratio. Once established at a particular 
sludge age, the will tend to 
maintain that age provided the removal 


system 


efficiency does not change materially. 

Sludge ages for modified aeration 
lie in the range of 0.2 to 0.5 days 
The tanks, con 
tain relatively small quantities of ac- 
tive material. In the event that de- 


aeration therefore, 


leterious organisms develop, as mani 


fested by significant decreases in 
sludge density index, it thus becomes 
possible to completely remove this 
quantity of poor culture and 
replace it with new modified aeration 
sludge within a day. 


small 


This is accom 
plished by shutting down the return 
sludge pump and sending all 
in the final tanks to the 
Within a short time, straight sewage 
When all 


has been re 


solids 


thickeners. 


aeration is being practiced 
the undesirable culture 
moved from the aeration and settling 
tanks, the return pumps started 
The return to excess sludge flow ratio 
is then set 


are 
to produce a somewhat 


within several hours 
normal modified aeration treatment is 
re-established. 


ally 


lower age, and 


This procedure is usu 


necessary only when sewage 


strength or temperature changes are 


significant, as with seasonal fluctua 
tions or certain shock loads. 

Inasmuch as modified aeration does 
not eall for 


in the 


large masses of culture 


aeration tanks, air require- 
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ments respond markedly to the diurnal 
changes in sewage load. In this con- 
nection, it has been found practical 
during the night (possibly from mid- 
night to 10 am) to reduce the air sup- 
ply rate by as much as one-third to 
one-half of the daytime rate. Due 
care must be exercised to keep air 
rates high enough to avoid difficulties 
from diffuser clogging. In general, 
a dissolved oxygen of 2 p.p.m. at the 
aerator outlet has been a satisfactory 
minimum, 


Solids Concentration 


The considerations discussed previ- 
ously apply also when the modified 
aeration process is adapted to an acti- 
vated sludge treatment plant, either 
conventional or step aeration. <A 
fundamental difference, however, is 
that the primary effluent will be sub- 
jected to secondary treatment rather 
than raw sewage. Because of this, 
the concentration of suspended solids 
in the aeration tanks must be consider- 
ably lower to satisfy the sludge age 
requirements. 

The larger aerators introduce vari- 
ous problems of operation. In order 
to control sludge age, aerator solids 
concentrations are lowered to a point 
where the range of tolerance may be 
25 p.p.m. The lower air requirements 
per unit of aerator volume may re 
duce diffuser loadings below critical 
levels for proper air distribution. At 
tempts to reduce aerator detention 
time by removing units from service 
are limited by the flow capacity of 
the connections to and from the aera- 
tors. 

Another problem associated with 
low aerator solids concentrations is 
that of wasting the excess sludge. The 
large return sludge pump capacity 
means correspondingly dilute return 
sludge. Large proportions of this re 
turn sludge flow must be sent to the 
thickeners, presenting a problem of 
high liquid loading there. Consider 
able attention must be directed to re 
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ducing return sludge rates to 5 to 15 
per cent, if thickener operation is to 
to be practical. Where aerator de 
tention can be decreased to 3 hr. or 
less, it has been feasible to adapt modi- 
fied aeration to activated sludge 
plants. In these cases, treatment effi 
ciencies have been comparable to those 
from modified aeration plants with 
out primary settling tanks. 


E flictencies 

Treatment efficiencies, as well as 
other salient operating data, are shown 
in Table Il, which illustrates typical 
results at six sewage treatment plants 
treating approximately 316 m.g.d. of 
sewage by the modified aeration proc 
ess. Three sewage treatment plants 
employ primary sedimentation prior 
to aeration and the other three aerate 
raw sewage 

Air demands for modified aeration 
range from 0.3 to 0.5 eu. ft. per gallon, 
with perhaps somewhat higher require 
ments where primary sedimentation 
has been omitted. Aerator detentions 
vary from 1.5 to 3 hr. without any 
apparent influence on treatment effi- 
ciency. 

Effluent quality varies from 34 to 
50 p.p.m. of suspended solids and from 
32 to 64 p.p.m. of BOLD. Plant effi 
ciencies range from 64 to 81 per cent 
removal of suspended solids and 57 to 
76 per cent removal of B.O.D. With 
these process efficiencies, modified 
aeration lies about halfway between 
plain sedimentation activated 
sludge. 


Discussion 


It has been observed that treatment 
of sewages stronger in B.O.D. re- 
sults in somewhat lower removal effi- 
ciencies. This is especially true where 
a major portion of the non-settleable 
B.O.D. is soluble. An example of this 
is the Bowery Bay sewage treatment 
plant where the primary settling tanks 
remove only 17 per cent of the B.O.D 
An additional 40 per cent of the 
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B.O.D. in the raw sewage is removed 
by secondary treatment, resulting in 
an over-all removal of 57 per cent. 

Sewage at the Owl’s Head sewage 
treatment plant also has a relatively 
high soluble B.O.D., averaging 67 
p.p.m. These two plants require low 
sludge age and precise control for ef- 
fective treatment. On the other hand, 
the Rockaway sewage treatment plant, 
treating a raw sewage with a low sol- 
uble B.O.D. of 29 p.p.m., can tolerate 
a wider range of sludge age. The other 
treatment plants, listed in Table II, 
fall between these extremes. 

Where the sewage is readily amen- 
able to treatment by modified aeration, 
favorable results may be secured for 
extended periods. Thus, at the Ja- 
maica sewage treatment plant modi 
fied aeration has been utilized since 
1942 with results similar to 1954 op 
eration. 

An attractive feature of the modi 
fied aeration process is the compacta 
bility of the excess sludge solids. 
Whereas activated sludge solids can 
be thickened to a concentration of only 
about 2 to 3 per cent total solids, 
modified aeration sludge will reach 
an average of more than 4 per cent 
for treatment plants with primary set- 
tling. For modified aeration plants 
without primary tanks, effective thick 
ening has produced sludge concentra 
tions averaging about 7 per cent. As 
a result of these higher concentrations 
for modified aeration, the volume of 
sludge for disposal is materially less 
than for activated sludge. Where both 
processes have been operated at the 
same plant, total sludge volume pro- 
duced by operation of the modified 
aeration process has been roughly one- 
half that from activated sludge. 

Comparative operation has also 
shown that, although the quantity of 
solids removed from sewage by modi- 
fied aeration is less than for the acti- 
vated sludge process, gas production 
is greater from the digestion of the 
sludge produced by modified aeration. 
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This is the result of loss of gasifiable 
solids by aerobic digestion, which is 
appreciable in the activated sludge 
process. 

In comparing the construction and 
operation costs of the modified aera 
tion plant (without primary tanks) 
and the step aeration activated sludge 
plant, consideration should be given 
to the following factors: 


1. Modified aeration requires about 
two-thirds of the total tank volume 
for sewage treatment. 

2. Lower sludge volume will reduce 
sludge disposal costs. 

3. Lower air ratios are accompanied 
by a reduction in power costs. 

4. The higher digester gas yield 
from sludge digestion, in conjunction 
with the lower air ratios, presents an 
attractive situation for providing gas 
engines and making the plant inde 
pendent of outside power sources, 

5. The area of the treatment plant 
site is reduced to the minimum for a 
secondary treatment plant. 


It must be recognized, however, that 
these favorable aspects result from a 
sacrifice of effluent quality, Where 
high quality effluents are mandatory, 
the modified aeration process may 
prove inadequate. 

The data of Table II apply to me 
dium strength domestic sewage. Fur 
thermore, experience indicates that 
stronger sewages require a reduction 
in sludge age for stable operation. 
Because of this undesirable circum 
stance, it is conceivable that with 
certain strong or abnormal sewayes 
modified aeration will not produce sat 
isfactory treatment efficiency, 


Activated Aeration 


Recently a process referred to as 
activated aeration has been developed 
and placed in service. This process 
operates in conjunction with the acti- 


vated sludge system to extend its flexi 
bility and to obtain varying degrees 
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FIGURE 6.—Flow diagram of an activated aeration sewage treatment plant. 


of partial treatment and lower operat 
ing costs 

The process 
sludge 


aeration 


requires an activated 


plant, conventional or step 
whose secondary system may 
be separated into independent sec 
One 
the activated sludge process, produces 
fresh 


which 


tions (Figure 6) section, using 
culture 
is transferred to the other sec 


tion for re-use in clarifying additional 


excess activated sludge 


sewage 
The culture 
vated 


produced in the acti 
which is 
sludge thickening 
to the activated 
This dosage of 


section ordi 


wasted to 


sludge 
narily 
tanks, is transferred 


aeration section acti 


vated sludge solids depends on the 
quantity of 
and the 


section 


activated sludge 
to the 

equal division of 
this may 
amount to approximately 75 p.p.m. of 
solids. The primary effluent is aerated 
presence of these small quanti 


produced 
flow activated aeration 
lor flow 


between the two sections, 


in the 
ties of activated sludge. The 
then subjected to settling 


final tanks where settled solids 


aerated 
liquor 18 
in the 


are removed for thickening, 
clarified effluent overflows. 

During two years of plant scale op- 
eration, the excess activated solids in 
the form of return sludge were trans- 
ferred from the step aeration system 
by means of a pump. The discharge 
was controlled to maintain the desired 
the section devoted to 
sludge The 
solids were added to the 
primary effluent entering the activated 
and the mixture was 
slightly less than 3 hr 
The air supplied was close to the mini- 
mum for maintaining the aerator sol 
The results of this 
operation of activated 
its step aeration source 


Table 


while the 


sludge age in 
the activated 
transferred 


process. 


aeration tanks 


aerated for 
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aeration and 
of activated sludge are shown in 
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Based on 75 p.p.m. of suspended 
solids removed from 49 m.g.d. of flow 
aeration, the 53 m.g.d. of 
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aeration battery was dosed with 69 
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TABLE Ill.—-Treatment Results 
Activated and Step Aeration ' 


Acti- 


vated bined 
| | Treat 
Flow treated (m.g.d.) 53 49 | 102 
Aer. det. (hr.) 2.9 2.5 2.7 
Air ratio (cu. ft./gal.) .22 52 36 
Final tank overflow 
(g.p.d./sq. ft.) 1,000 860 
Susp. sol. (p.p.m.) 
Aer. effi. 220 | 1,000 
Return sludge 1, | 3,900 
Thickened sludge 3.3°| 3.3 
Process effl. (p.p.m.) 
Susp. sol. 33 7 21 
B.O.D 33 6 20 
Removal 
Susp. sol 7! O5 S4 
B.O.D 71 95 82 


1 Wards Island, Mar., 
except Jan.-Mar., 1954. 

? Settled sludge to thickener. 

$1953 only. During 1954 combined thicken- 
ing practiced. 

* Based on raw sewage strength of 133 p.p.m., 
suspended solids and 113 p.p.m., B.O.D. 


1953 to Jan., 1955, 


ppm. of activated sludge culture 
(49/53 * 75 p.p.m.). The mixture was 
aerated for 2.9 hr. and then settled 
at an overflow rate of 1,000 gal. per 
sq. ft. per day. The process effluent 
averaged 33 p.p.m. of suspended sol- 
ids and B.O.D., having been increased 
approximately 4 p.p.m. because of 
sludge thickening. The air supplied 
averaged only 0.22 eu. ft. per gallon. 

The combined processes produced 
an effluent containing 21 p.p.m. of sus- 
pended solids and 20 p.p.m. of B.O.D. 
Over-all removals of 84 and 82 per 
cent of suspended solids and B.O.D. 
respectively were secured using an air 
ratio of 0.36 eu. ft. per gallon at 
an aerator detention of 2.7 hr. 

The excess sludge from the process 
was concentrated to 3.3 per cent total 
solids in two rectangular final settling 
tanks. These improvised thickeners 
often showed signs of solids overload- 
ing by loss of effluent quality and sol- 
ids concentration. In 1954 these tanks 
were further required to concentrate 
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primary solids according to the com- 
bined thickening process. The aeti- 
vated aeration effluent shows the effect 
of thickening all the secondary solids 
from both the activated aeration and 
step aeration batteries plus, in 1954, 
the additional effects of thickening 
primary solids. 

Some opportunities arose to investi 
gate the possibilities of improving re 
moval efficiency of activated aeration, 
The was operated for one 
month using 4.4 hr. of aerator deten- 
tion at an air ratio of 0.29 cu, ft. per 
gallon. This higher air ratio was 
necessitated by a 50 per cent increase 
in aeration tank volume. The effluent 
contained 24 p.p.m. of suspended sol- 
ids and B.O.D. This one-third im- 
provement in effluent quality was at- 
tained at the cost of some increased 
air and loss of thickened sludge con 
centration. 

Later, when the normal quantities 
of activated sludge were transferred 
to one-half the usual activated aera 
tion flow, thereby doubling the relative 
dosage of active solids but maintain 
ing the same aerator detention time, 
a significant improvement in effluent 
quality was noted over normal opera 
tion. For the three weeks of this 
trial, the effluent averaged 23 p.p.m. 
of suspended solids and 23 p.p.m. of 
B.O.D., including 8 p.p.m. added by 
sludge thickening 


process 


Features 


The activated aeration process has 
been capable of providing an effluent 
of intermediate quality at savings in 
air compression power costs when com 
pared with the activated sludge proc 
Since it was not necessary to 
recycle active solids through the acti 
vated aeration system, deleterious cul 
tures were not proliferated and the 
process exhibited excellent stability 
The difficulties of control experienced 
with modified aeration at some loca- 
tions were avoided. Some reductions 
in sludge volume as compared to the 
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activated alone 


sludge process were 
Finally, plant 
layout permits, activated aeration op 
eration should afford complete flexibil 


ity of operation between the range of 


also realized 


where 


full activated sludge and straight sew 
that plant effluent 
adjusted to meet the 
requirements of the receiving stream 


aeration, 80 


age 


quality may be 
Recent Trends 


affect 


hay 


Some changes in conditions 


ing activated sludge treatment 


during the 
Such gradual changes, occur 


been observed past few 
years 
ring over a period of years, are diffi 
cult to assess, especially when margi 
nal effects are being considered 
These marginal effects indicate a ré 
Thus, for 
activated 
plant the sludge density index for the 
1940 to 1949 
During the following 


duction in process stability. 


one step aeration sludge 


period averaged 1.6 
four years this 
was reduced to 1.1. For the 
1954 the index was further re 
duced to 0.8 These last values were 
obtained with aerator loadings 
than for the 1940-1949 period 


As these yearly averages have de 


average 


year 


lower 


creased, the indices developed at the 


lower sewage temperatures between 
March have recently 
begun to approach critical levels. The 


situation far, by 


December and 


has been met, so 


adjusting sludge age nearer 


to opti 
mum 


i 
values and attempting to main 


tain these levels. Tolerance of th 
activated sludge process to operation 
at higher sludge ages has been sharply 
reduced, Any significant extension of 


this trend may lead to serious conse 
quences, 

A parallel effect has been observed 
at some modified aeration plants. The 
consequent lowering of the sludge ave 
in order to maintain process stability 
here results in sacrifice of treatment 
efficiency. 

These activated 
sludge process have become apparent 


with the increase in the sale and use 


influences on the 
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of synthetic detergents. <A natural 
question is whether or not some ele 
ment or type of detergent compound 
is adversely affecting biological sewage 
treatment Some papers have ap 
peared in the literature discussing the 
effects on the biology of the activated 
sludge flora. It should be noted, how 
ever, that if coagulability of the floc 
is reduced and its dispersion increased, 
this might account for the observed 
changes Investigations directed to 
wards clarifying these questions and 
comparing operating experience on a 
national scale should prove beneficial 


APPENDIX 
Sludge Age 


Sludge age has been defined as the 
weight of the dry suspended solids in 
tanks divided by the 
weight of the dry suspended solids in 
the sewage or primary effluent added 
daily. It may be calculated from the 


expression, 


the aeration 


Vv xKA 


Sludge age (days) 
ge ag Qxt 


where V is the aerator volume in mil 
lion gallons, A is the average aerator 
concentration of suspended solids in 
p.p.m., Q@ is the sewage flow in m.g.d., 
and C is the sewage or primary efflu- 
ent suspended solids in p.p.m. 

Where the volatile content of the 
activated sludge is subject to radical 
changes, it has been proposed to sub- 
stitute the weight of volatile suspended 
solids in the rather than the 
total. Furthermore, where soluble in 
dustrial are treated, it 
has been proposed to determine load 
based on B.O.D. However, when treat- 
ing normal domestic sewage, the ex 
pression as given has proved adequate 


aerator 


wastes being 


Solids Concentration in Step Aeration 


For caleulating the suspended sol 
ids concentrations of the aerator, or 
return the following expres 
sions have been derived: 


sludge, 


7 

| 
: 

4 

A 

3 

; 

Rake 
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Return sludge concentration, 

Qs + Qr)Ca — QsCr 

Per cent return sludge, 
Qr Ca — Cy 


Qs Ce — Ca 


= 


Pass concentration, 
+ 
Qe + Qx 
where 
(, = aerator effluent suspended sol- 


ids concentration, p.p.m. 


(,» = primary effluent suspended sol- 
ids concentration, p.p.m. 


('» = return sludge suspended solids 
concentration, p.p.m. 


('y = suspended solids in the pass, 
p.p.m. 


Qe = return sludge flow, m.g.d. 


un 


Qs 


total primary effluent flow 
m.g.d. 


Qx 


total primary effluent flow 
added up to and including 
the point X, m.g.d 
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PROFESSIONAL OPPORTUNITY 


The city of Atlanta, Ga., is accepting applications for a position 
described as professional chemistry work of a specialized nature 
in interpreting chemical tests made in sewage treatment plants, and 


related work as required. 


Salary range is $386—#476 per month. A college graduate 
in chemistry or chemical engineering is preferred. Further in 
formation may be obtained from Carl T. Sutherland, Director of 
Personnel, City of Atlanta, Personnel Department, 4 City Hall, 


Atlanta, Ga. 
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DISINFECTION IN MILITARY SEWAGE 
TREATMENT PLANTS * 


By Harotp A. THomas, JR. 


fasociale 


of Sanitary Engineering, Division of Engineering and Applied Physics, 


Harvard University, Cambridge, Maas. 


Disinfection in sewage treatment 


practice ordinarily is accomplished 
by the addition of elemental chlorine 
fo sewage by vacuumatic or diffusion 
the fol 


**disinfec 


type dosing equipment In 
lowing discussion, the term 
tion’’ will be 


whether accomplished with elemental 


considered broadly 


chlorine, chlorine 


other 


compounds, or 
disinfection chemicals. 

Sewage disinfection practice has de 
rived from investigations made 20 to 
40 years ago by the U.S. Publie Health 
Service (1 water 
tion control agencies, and other inter 


Various 


pollu 
ested agencies, relating to the survival 
of enteric pathogens in sewage treat 
ment and their persistence in streams, 
and from technological developments 
of equipment relating to efficiency and 
control of dosage 

Recent developments accentuate the 
need coliform 


for a re-evaluation of 


bacteria standards and chlorination 


practice. A nationwide investigation 
of this nature in being planned by the 
USPHS at the Taft Sanitary Engi 
neering Center, Cincinnati, Ohio 

With the substitution of synthetic 
detergents for soap, and with the ad 
dition of many other new components, 
the mineral and organie substance of 
sewage has been altered significantly 


in the past decade. There is increas 


° Prepared for and approved by the Na 


tional Research Council, Division of Medical 
Waste 


tjosch, Chairman, and approved 


Sciences, Subcommittee on 
Herbert M 
December 14, 1954, by the parent Committee 
on Sanitary 

Abel Wolman 


sponse to a request 


Engineering and Environment 


Chairman Prepared in re 
the Office of the 


Surgeon General of the Army 


from 


Disposal, 


that this has affected 
treatment efficiency, disinfection and 
die-away rates. 

The 


possible 


ing evidence 


titrator makes 


and 


amperometric 
sensitive 
chlorine 
New laboratory tools, such 
filter, ma 
terially the efficiency of determining 
bacterial densities and characteristics. 


more precise 


measurements of bacterial 
residuals. 
as the 


membrane increase 


Recent laboratory and field tests indi 
cate the strong possibility that more 
effective 
plications may be 


chlorine 
obtained 
dosing in 


and economical ap- 
by mul 
tanks 
properly designed to control mixing 


and short-cireuiting. 


tiple-point contact 


There recently has been an increas 
ing recognition of the value of chlo 
rination in treat 
ment practice other than disinfection 

Modern water treatment methods, 
particularly those pertaining to effec 
tive coagulation, settling, and 
fection, undoubtedly increased 
the ability of the modern water treat 
ment plant to treat safely sources of 
higher coliform density than formerly 
deemed suitable for raw 
supply 

Pending the results of the re-evalua 
by the USPHS, the fol 
discussion of chlorination is 
offered as a guide for military sewage 
treatment 
United 


tions. 


aspects of sewage 


disin- 
have 


were water 


tion survey 


lowing 


continental 
installa 


practice in 


States and overseas 


Recommendations 
Compliance with Local Rules 


Disinfection practice at military 
sewage treatment plants should comply 


234 


; 
: 
: 
; 
im 


Vol. 27, No. 11 


at least with requirements relating to 
streams or effluents promulgated by 
local water pollution boards or health 
agencies in the United States and 
territories having jurisdiction. In the 
Addendum is presented a discussion 
of a method of determination of ap- 
propriate degrees of disinfection that 
may serve as a guide to judgment in 
military posts beyond continental lim- 
its or in areas with inadequate or un- 
suitable disinfection regulations. 


Objectives of Chlorination 


Chlorination at military sewage 
treatment plants should be employed 
only for certain specific objectives. In 
the absence of these objectives, the use 
of chlorine is not recommended. The 
following outline relates to various 
functions of chlorination. 

A. Among the proper uses of chlo- 
rine in sewage treatment are the fol- 
lowing: 


1. Protection of receiving waters, 
Cepending on use: 


(a) Water supplies. 

(b) Reereation (bathing) and 
training. 

(ec) Shellfish culture. 

(d) Irrigation. 


2. Facilitation of sewage plant con- 
trol: 


(a) Control of ponding or clog- 
ging of trickling filters (in- 
termittent or seasonal appli- 
cation). 

(b) Regulation of activity of re- 
turn activated sludge. 

Reduction of rate of decom. 
position during sludge thick- 
ening. 

(d) Reduction (upon occasion) 
of immediate oxygen demand 
of digestor supernatant re- 
turned to plant influent. 

(e) Grease removal (in special 
circumstances only). 
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4. For other purposes; 


(a) To prevent disintegration in 
long, flat, conerete sewers 
from oxidation of hydrogen 
sulfide. 


To avoid excessive septicity 
that will impair ‘‘treatabil- 
ity’’ of sewage in biological 
units. 

(¢) To avoid excessive odor that 
may create an atmospheric 
nuisance in the vicinity of 
the treatment plant. 


B. Uses not normally considered 
justifiable except as may be incident- 
ally accomplished by chlorination for 
other purposes: * 


1. Odor abatement as a substitute 
for ‘‘ good housekeeping ’’ in plant 
maintenance. 

2. Reduction of biochemical oxygen 
demand, 

3. Control of aquatic growths in re- 
ceiving waters. 


Research Program 


A research and developmental pro- 
gram should be instituted to evolve a 
type or types of chlorination equip- 
ment suitable for emergency, seasonal 
and stand-by use at military sewage 
treatment plants. 

The objectives of the program 
should include: 


1. Development of rugged and rela- 
tively inexpensive dosage devices 
capable of resisting deterioration dur 
ing long periods of stand-by opera. 
tion. 

2. Establishment of safe, general 
rules relating to routine and emer- 
gency chlorination practice to serve as 
an operational guide. 


* It is recognized that in emergencies and 
in special circumstances (as when a water 
supply contains a high sulfate concentration 
or a sewage has unusual waste components ) 
the use of chlorine for the control and odor 
and other nuisances or the reduction of 
B.0O.D. may be indicated. 
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The importance and merits of chlo- 
and in some 
waste water 
installations 
and 


rination for emergency, 


cases for routine, use in 
military 
additional 
foregoing program 
should be given a high priority. 
After completion of this program 
and of the 
viously 


treatment at 


should receive stress, 


accordingly the 


re-evaluation survey 


consideration 


pre 
referred to, 
should be given to possible modifica 
tion of disinfection practice at mill 
tary sewage treatment plants 


ADDENDUM 


Calculation of Disinfection 
Requirement 


In municipal disinfection 
of primary or secondary plant efflu 


ents commonly amounts to 98 to 99.8 


practice, 


cent destruction of coliform bac 
usually accomplished 
by chlorination to a residual of 0.1 to 
0.5 p.p.m. with 15 to 30 min. contact 
However, the bacterial 
needed and obtained vary widely from 
plant to plant In the 
regulations or adequate guidance from 
civilian health 
jurisdiction over the receiving waters, 
calculations of the following type may 
be helpful in establishing reasonable 
chlorination practice at military sew 


per 


teria. This is 


reductions 
absence of 


local agencies having 


age treatment plants. 

In assessing bacterial removal effi 
ciency in plants or die-away in streams 
in relation to ultimate water use, the 
concept of the decontamination factor 
While in the past it has 


been customary to report bacterial re 


has utility 


movals as percentages, such as 99 or 
99.9 per cent, these numbers are not 
with 
values for subsequent purification in 
treatment 
Moreover, since these values are nearly 


easily combined corresponding 


streams or water plants. 
equal to 100, they fail to emphasize 
the degree of treatment actually at 
tained in respect to health hazards as 
with the use of the effluent 


The decontamination factor provides 


sociated 
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this emphasis; it is defined by 


following formula: 


100 
F = log P 


where P is the percentage of bacteria 
removed by the treatment device. The 
merit of the decontamination factors 
is that the over-all performance of a 
treatments plant, 
stream and water plant) may be ob- 
tained by finding the sum of the de- 
contamination factors for all treat- 
ments. 


series of (sewage 


Ezample: A primary sewage treat- 
ment plant receives raw sewage con- 
taining 10° coliform bacteria per 100 
ml Fifty per cent of the coliform 
bacteria are removed in settling; 99 
per cent of the remaining are destroyed 
by chlorination to a 0.2 p.p.m. residual 
in a contact tank having a detention 
time of 15 The plant effluent 
is discharged to a stream with an aver- 
age dilution of 10 to 1. The flow time 
in the receiving stream is 1.5 days to 
the intake of a water purification 
plant. Estimate the coliform density 
in the water of the purification 
plant. 


min. 


raw 


Treatment 


Primary sedimentation 5 0.3 
Chlorination to 0.2 

p.p.m. residual 2.0 
Dilution in stream 00 1.0 


Die-away in stream! 87.5) 1.5(0.60) =0.4 


Total =4.2 


‘Assuming Ff = 0.6 perday, Stream decon 
tamination factors for coliform bacteria and 
from 0.3 to 
0.9 per day depending on temperature, short 
circuiting, and antibiotic activity of preda 
tory 


Salmonella typhosa usually vary 


The decontamination factor 
time is identical with the 

Chick’s law, P 100 
, used to formulate results of die 
disinfeetion 


organisms 
for unit contact 
parameter in 
(] 


iway and tests 


The coliform density in the stream 


at the water plant intake will be 


: 
the 
tad 
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10'/10** = = 630 coliform bae- 
teria per 100 ml. In order to meet the 
USPHS Drinking Water Standards of 
1 coliform per 100 ml., the water plant 
would have to achieve an additional 
decontamination of log 630/1 = 2.8. 
This factor is larger than that consid- 
ered safely attainable by raw water 
chlorination alone and therefore a fil- 
tration installation is indicated. If, 
however, the treatment of the town 
water supply consisted of chlorination 
only, the situation could be met at 
the sewage plant by carrying a higher 
residual through the contact tank, by 
increasing its detention period, or both. 
To obtain a reduction to 50 coliform 
bacteria per 100 ml. in the water plant 
raw water supply, the total decon- 
tamination factor would be increased 
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19 630 19 7 53 
27 10 1.1 = 
50 


In order to estimate the residual 
that would be needed to accomplish 
this additional treatment, the follow- 
ing approximate rule may be used: 
The coliform bacteria decontamina 
tion factor attained in a contact tank 
of fixed detention time increases in 
direct proportion to the chlorine re 
sidual. Therefore, in order to increase 
the decontamination factor of the sys- 
tem by 1.1, a residual of 


2.0 + 1.1 


20 x 0.2 = 0.31 p.p.m. 


should be carried in the sewage plant 
effluent. 
Reference 


1, Jour. Amer. Water Works Assn., 31, 1479 
(1939 


FELLOWSHIPS AND GRADUATE ASSISTANTSHIPS 


A number of opportunities will be 
available in 1956 for advance study. 
Several fellowships and graduate as- 
sistantships have been announced re 
cently. Other opportunities will be 
published as they are received from 
colleges and universities. Among 
those presently available are the fol- 
lowing: 


National Science Foundation 
Fellowships 


The National Science Foundation 
plans to award 700 graduate and 80 
postdoctoral fellowships to individu- 
als planning to take graduate study 
in the sciences during the 1956-57 
academic year. NSF fellowships are 
awarded in the mathematical, physical, 
medical, biological, engineering and 
other sciences, Closing date for gradu- 
ate fellowship applications is January 
3, 1956 (postdoctoral fellowship ap- 
plications, December 19, 1955). Ap- 
plication materials may be obtained 
from local colleges or universities or 


the Fellowship Office, National Re- 
search Council, 2101 Constitution Ave., 
N. W., Washington 25, D. C. 

Annual stipends range from $1,400 
per year (first year) to $3,400 per year 
(postdoctoral). The fellowships will 
also provide the payment of tuition 
and fees, dependency allowances for 
married Fellows and limited travel 
allowances, 


University of North Carolina 


Graduate assistantships in sanitary 
engineering or public health are avail- 
able for work towards a Master’s de- 
yvree Graduate assistants receive 
#1,300 per academic year with possi- 
bility of summer employment.  As- 
sistantships are available for Febru- 
ary, June, and September, 1956, 


Further information may be ob- 
tained from the Department of Sani- 
tary Engineering, School of Public 
Health, University of North Carolina, 
Chapel Hill, N. C. 
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OPERATIONAL RESPONSIBILITY OF THE SEWAGE 
TREATMENT PLANT DESIGNER * 


By Kenneto W. Brown 


AND Davip H. CALDWELL 


Consulting Engineers, Brown and Caldwell, San Francisco, Calif. 


Consulting engineers engaged in the 
design of sewage treatment plants ap- 
pear, in general, to be of two schools 
of thought their 


bility completion 


regarding responsl- 
of 
One group feels the job is 
ended when the plant is built, while 
the other, recognizing the 
still ahead, assumes a continuing re 


following con 


struction 
problems 


sponsibility and undertakes to provide 
This 
paper deals primarily with the latter 
of 


limited 


necessary additional services 


type thinking and attempts in a 
way to demonstrate not only 
the need but the mutual benefit, both 
he 


serves, of providing assistance and ad 


to an engineer and the community 


vice during at least the early stages of 
operation 

The development of a plan for plant 
operation should not be a last minute 
affair: something the designer dreams 
up when construction is virtually com 
plete On the contrary, 
should be planned from the start of 
be thought 
the 
concept and preparing the construc 
Re 
feels about his re 
sponsibility after the plant is built, a 
competent the 
beginning to provide for efficient, prop 


operation 


design and should about 


constantly in developing design 
tion drawings and specifications. 
vardless of how he 


engineer strives from 
erly integrated, and low cost operation 
He is fully aware at the same time of 
the fact that the 


treatment process designed 


basic unit in 
he 


not only to serve its intended function 


each 
must 


but to meet all requirements with re 


* Presented at 1955 
Sew 


Annual Meeting, Cali 
Industrial Wastes 


April 27-30, 1955 


fornia and 


Riverside, ¢ 


Assn.; 


spect to capacity, hydraulic efficiency 
and provision for future expansion. 

In the opinion of the authors, every 
engineer who undertakes to design a 
sewage treatment plant should him- 
self have spent some time as a plant 
operator or should have on his staff 
who has served in that 
There is no substitute for 
this type experience. On the other 
hand, competence in design requires 
something back 
It is necessary, 


someone 
pacity. 


Ca- 


than a broad 


ground of experience 


more 


in addition, to be endowed with a cer 
tain innate quality, best described per 
haps as an 

creative effort 


instinctive capacity for 


Initial Supervision 


It seems strange in a way that any 
one should even question the need for 
at least initial help in the operation 
of a new waste treatment plant. If 
the design engineer is not so inclined 
or if he is not called upon to lend a 
hand during the early operating 
stages, there is bound to be some con 
and a tendency to 
ward fault finding and adverse criti- 
cism In even the 
intelligently de 
through ig 
full effi 


fusion resulting 


such an event, 
carefully and 
facilities 


fail to 


most 
signed may, 
norance, function at 


ciency. 


Rarely will a new treatment plant 


operate at top efficiency without any 
help on the part of the engineer. For 
example, in where an 


old plant is being replaced or a second 


communities, 


plant is being constructed, an existing 


staff of trained attendants may be 
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ready to take over and conceivably 
could do so with little or no assistance 
from the design engineer. Similarly, a 
city undertaking sewage treatment for 
the first time could employ a superin- 
tendent with an adequate background 
of training and experience and thus 
could get by without any outside help. 
But these are exceptions and not the 
rule. In California the consulting en- 
gineer generally is expected to pro- 
vide a service beyond that required 
for the purposes of design and con- 
struction. His clients look to him for 
needed counsel and guidance during 
the breaking in period, although it 
may be an unpaid effort. 

Because of the unremunerative na- 
ture and other adverse features, some 
engineers object to giving further 
service and contend their job is fin- 
ished when the plant is built. The 
majority, however, recognize con- 
tinuating obligation and make every 
effort to be helpful during the early 
stages of operation. Their policy in 
this respect is governed not by any 
compulsion in a legal sense but by 
a feeling of moral responsibility for 
the successful outcome of their crea- 
tive efforts. They also feel a compel- 
ling desire to justify the confidence 
imposed in them by the willingness 
of their clients to accept their judg- 
ment. In nearly all cases, the sum 
of money to be spent for sewage treat- 
ment facilities is high in proportion to 
community income and it is a sober- 
ing thought to the engineer who is 
given the design responsibility. 


Limitation of Engineering Service 


Failure of some engineers to pro- 
vide any service beyond that required 
for design and supervision of con- 
struction can be attributed to one or 
more reasons. 


1. The fee schedule suggested by 
the American Society of Civil Engi- 
neers for this type of work extends 
only to design and makes no provision 
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for initial operation of the completed 
facility. Therefore, designers are 
naturally a little reluctant to take on 
the added and unremunerative job of 
training plant attendants and checking 
plant peformance, Experience indi- 
cates that many communities, particu 
larly those of limited size, look to the 
design engineer for initial guidance 
and seldom expect to pay for this type 
of assistance. 

2. The distance to a job and the 
cost of getting there ean be significant 
If the plant is in a relatively remote 
location and requires substantial 
travel time on the part of the engineer, 
he is likely to take a dim view of any 
attempt to enlist his gratuitous aid on 
matters of operation. The best solu 
tion in a situation of this kind is 
obviously that of a contract arrange 
ment which includes an adequate 
allowance for any help that might be 
needed after completion of construe- 
tion. 

3. It is customary in some states, 
though not yet in California, for a 
state agency to furnish direct as 
sistance in starting a new plant If 
the state is in a position to lend a 
hand in training plant attendants, con 
sulting engineers can be expected to 
react accordingly and to assume that 
their job is ended when construction 
is complete 

4. Too much work could be a con 
tributing factor Nevertheless, the 
conscientious engineer will still plan 
his work to meet the needs of his 
clients and will make no change in 
the type of service he normally pro 
vides. 

5. A lack by the designer of operat 
ing knowledge and experience. Some 
engineers occasionally have the temer 
ity to take on a design assignment re 
gardless of how little they know about 
the intricacies of sewage treatment and 
sewage treatment processes. But the 
picture changes when the time comes 
to operate the completed facilities 
Faced then with the complexities of 
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treatment plant performance and con 
trol, engineers in this category find it 
difficult to be 
clined to assume further responsibility 


helpful and are not in 


Incidents of this kind stem primarily 


from the understandable desire of a 
city or community to favor the employ 
engineer In some 


ment of a local 


cases they result either in a joint ven 
ture with a qualified engineer or in an 
arrangement whereby a sanitary engi 
is engaged as a consultant. In 
other cases, unfortunately, the local 
engineer fails to obtain expert help 
tends instead to look to equip 


neer 


and 
ment manufacturers for needed advice 


Scope of Operational Assistance 


Stated briefly, the additional duties 
of the designer during the breaking in 
period, or possibly for as long as the 
of operation should be as 


first year 


follow 


1. Confer with and assist the client 
in the selection of a qualified super 
intendent. In providing this service 
names of possible applicants can be 
suggested contacts 


preliminary can 


be made, and information can be fur 
nished regarding salary scales for simi 
lar installations 
Employment of a superintendent 
and operating personnel should be ar 
ranged well in advance of the time 
The super 
particular should 
least the 


stages of construction, thus giving him 


the plant is ready to start, 
intendent in 
closing 


available during at 


an opportunity to become 
with all of the mechanical 
and electrical equipment. If difficult 
finding an 
superintendent, 


prope rly 


familiar 


is encountered in exper! 


enced consideration 


may well be given to the possibility of 


employing the resident engineer in 


charge of inspection. This is especially 


desirable in the case of young men 


who have also worked on the design 


of the plant and are anxious to acquire 
a background of actual operating ex 
Given assistance by 


perience proper 


NDUSTRIAL WASTES 


November, 1955 


the consulting engineer or by a con 
sultant employed to advise on plant 
counted 
and en- 
thusiasm, to show maximum diligence 


operation, these men can be 
on, because of their interest 
in the performance of their designated 
duties 

For plants requiring no more than 
limited prior 
important 


attendance, experience 


is not overly and the op- 
erator may be selected on the basis of 
certain minimum qualifications. These 
should include high sehool graduation, 
a reasonable degree of common sense, 
an ability to think clearly and a proven 
record of mechanical aptitude. Men 
thus no difficulty in 
the fundamentals of sewage 
treatment processes and generally be 
come industrious, efficient and orderly 


endowed have 


learning 


operators 
2 an engi 


least of an experienced 


Furnish the services of 
neer, or at 
operator, for a period sufficient to in 
doctrinate the regular attendants and 
them with the nature 
and scope of their duties. This initial 
period should generally be relatively 
short, particularly in installations 
large enough to require the employ- 
ment of an experienced superintend 
ent In plants where only 
part-time and possibly inexperienced 
operators are to be used, the training 
chore may be more difficult and should 
Plant fune- 
tions have to be fully explained, set- 


to familiarize 


smaller 


be planned accordingly. 


tings of automatic control devices 
must be adjusted, maintenance proced- 
established 


tory tests explained and demonstrated 


ures and essential labora- 
It also is usually desirable to eall in 


manufacturer’s representatives and 
have them explain the function and 
care of their particular piece of equip 
ment Likewise, a representative of 
one of the oil companies can assist in 
schedule for 


all equipment, specifying what oil or 


setting up a lubrication 
lubricant to use and when to use it 

3. Assemble a complete file, prefer- 
ably in bound covers, of all descriptive 


4 
By 
| 
by. 
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leaflets, bulletins, and other publica- 
tions pertaining to operation and 
maintenance of mechanical and elec 
trical equipment. An adequate refer- 
ence file of manufacturers instructions 
is indispensable and should be avail- 
able by the time the plant is ready to 
operate. The design specifications 
should require the contractor to fur- 
nish manufacturer’s instructions for 
each piece of equipment and the resi- 
dent engineer or inspector should put 
the file together during plant construe 
tion. 

4. Prepare typewritten or printed 
instructions for operation and main- 
tenance procedures. These shoud be- 
gin by giving the dimensions, capaci- 
ties and functions of the major units 
in the treatment process and should 
be followed by a sufficiently detailed 
description of essential operating tech- 
niques. Attention should be directed 
in particular to the setting and 
adjusting of mechanical control de 
vices and to such procedures as 
grit handling, scum removal, sludge 
pumping, basin cleaning, equipment 
lubrication, digester operation and 
heating, and withdrawal of sludge and 
supernatant from digestion tanks. In 
addition, procedures for necessary lab- 
oratory tests should be described and 
a list prepared of the equipment and 
solutions needed for each test. The 
proper technique for routine tests 
should be demonstrated, the signifi- 
cance of the results explained, and the 
operator told what to do to correct 
any deviation from normal perform 
ance, 

5. Design report forms for the 
proper recording of necessary operat- 
ing data. While record requirements 
vary over a wide range, depending on 
plant type and capacity and individual 
inclinations, it is desirable to provide 
at least two forms, one for daily en 
tries and the other for a monthly sum 
mary. The daily form normally 
should include spaces for such items 
as power meter readings, sewage flow, 
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raw sludge pumping, digester gas pro- 
duction, sludge removed from digester, 
and results of control tests. Space 
should be provided also for recording 
various temperature readings, for de- 
scribing special operations, and for 
listing other items of particular in 
terest 

The monthly summary is simply a 
form to record by months the totals of 
the various operating figures entered 
on the daily report form. Space 
should be provided for totals and av- 
erages, for total hours of operation of 
major pieces of equipment, and for 
notes and comments on the recorded 
data, 

6. Design and set up a card system 
for maintenance duties, using either 
standard index or edge-punched cards 
A card record system simplifies the 
job of organizing and scheduling rou 
tine maintenance activities and, if 
properly kept, provides a valuable his 
tory of all work done in the inspee- 
tion, testing, cleaning, lubrication and 
painting of equipment. 

7. Maintain a continuing and last. 
ing interest in plant performance 
either by occasional visits as time and 
opportunity permit or preferably 
through the medium of regular visits 
in a consulting capacity. Service on 
a consulting basis is a mutually bene 
ficial arrangement, providing the 
client with helpful counsel and guid 
ance, and the engineer with useful in 
formation for future designs. Under 
such a program visits should be made 
at a frequency of not less than once 
every three months and should be de 
voted primarily to a review of operat 
ing records and a discussion of cur 
rent problems. At small plants it 
may be desirable to run field tests and 
to collect samples for laboratory analy- 
sis. Each visit should be followed by 
a letter report commenting on the re 


corded operating data, on the perform 
ance and appearance of the plant, on 
needed improvements and on results 
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of the field and laboratory determina 
tions. 


A design who undertakes 


to serve as 


engineer 
consultant on operation 


must be something more than a neo 
phyte in the field of sewage treatment 
He should be a man who 
tempered by the fires of 


erating experience and capable of find 


has been 


actual op 


ing an answer to the occasionally com 
problems that 
the best 
Moreover, the authors are of the opin 


plex may develop in 


even designed installations 
ion that this type of service can best 
be obtained from a qualified consult 
ant and that it should not be regarded 
as a function of the state authorities 
Granted that a limited degree of state 
supervision is inevitable, perhaps even 
desirable, it is nonetheless axiomatic 
that a city engaged in the operation 
treatment plant should 
about its own problems 
than any regulatory agency. Without 
that knowledge and without a willing 
and ability to handle problems 


of a sewage 


know more 


ness 
at a 
state 


croachment of 


local level, the door is open for 
paternalism and a further en 


bureaucratic control 


Reimbursement for Operational 
Assistance 


As previously noted the schedule of 


fees recommended by the American 
Society of Civil 


provision for services beyond compl 


Engineers makes no 


tion of construction. How, then, is 
an engineer to be compensated for any 
assistance he is expected to furnish in 


starting a new plant? Some engineers, 
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recognizing that help is bound to be 
needed and that it is hopeless in most 
cases even additional com 


pensation, merely count it as part of 


to suggest 
their professional service. These engi 
realizing the mutual benefits 
which stem from getting a plant off to 
a good start, undertake the additional 


neers, 


jobs of training plant operators, pre 
paring written instructions, providing 
printed forms for operation and main 
tenance records, and visiting the plant 
at regular intervals for a suitable pe 
riod, 

Since the schedule is 
based on the assumption that each de 


percentage 


sign job should earn no more than a 
reasonable fee, it is manifestly unfair 
saddle 


free assistance on mat 


to an engineer to him with 
the burden of 
ters of operation. Two remedies ap 
The first is the 
relatively simple expedient of walk- 
ing off the job and getting the city 
either to employ a consultant or to call 
upon furnish 
the required services. In the latter 
event, the cost would be borne not by 
the benefitted community, but by the 
tax-paying public as a whole 
ond and much to be preferred remedy 
is that of amending the free schedule 
Even better 
recom- 
mending that services be provided on 
either a lump sum or per diem basis. 
When thus fortified, the designer will 
no longer be called upon to donate his 
time, operational help will be avail 
able on a reasonable mutually accept 
able basis and initial problems will be 
disposed of more promptly 


pear to be available. 


the state authorities to 


The sec 


to cover initial operation. 


perhaps, would be a section 


Your help in planning the 1956 meeting is wanted. See page 1244. 


3 
i 
: 
5 
5 
ES, 
: 
i 


FUNGI FROM TRICKLING FILTERS 


By Apert E, FELDMAN 


Assistant Biologist, Massachusetts Depart me nt of Public Health, 
Lawrence Experiment Station, Lawrence, Mass." 


The knowledge of the use of trick- 
ling filters in treating substances in 
sewage is well established. However, 
information on the different kinds of 
organisms living in the filter slime is 
not well known. It would be extremely 
useful to learn how the various flora 
and fauna perform their functions. 
Before an investigation can be made 
on the functional properties of the 
trickling filter organisms, it is first 
necessary to isolate and identify them 
Since the different kinds of organisms 
in the filters are too numerous to 
study at one time, it was necessary 
to limit the investigation to one group. 
The fungi were chosen for initial 
study. 

This paper reports on six species of 
fungi isolated from three trickling fil- 
ters receiving a dilute chemical waste 
of high organic content. The filters 
were of the high-rate type, 6-ft. in 
depth and 6-in. in diameter, filled with 
*4-in. stone. Following are the load- 
ing characteristics of the filters: 


Filter number | 865 
Flow rate (m.g.a.d.) 2 1 5 | 3 
Recirculation ratio 5:1 5:1 1:1 
B.O.D. load, 5-day (Ib } 
acre {t.) 5,300 | 4,550) 1,484 
Hydraulie load (m.g.a.d.) 12 15 


Experimental Methods 


Slime was removed from the stones 
in the upper surface layer of the 
trickling filter and was thoroughly 
mixed, Portions were streaked on 

° Presently, Chemist, New York City De 
partment of Water Supply, Gas and Electric 
ity, Catskill Laboratory, Ashokan, N. Y. 


Czapek’s agar in 9-cm. petri dishes. 
The inoculated agar was incubated at 
room temperature on a_ laboratory 
bench well illuminated by sunlight. 
Usually, the growths on the plates were 
distinctive enough to be seen and eas- 
ily subcultured in two days, although 
certain species required as long as a 
week before full development. Sub 
cultures were made using Czapek’s 
agar until pure cultures were attained 


Results 
The molds isolated were the more 
prominent ones and the results should 
not be considered as conclusive. The 
species isolated were as follows: 


Source 


Genus and Species (Filter No 
Fusarium solani 865 
Fusariu m roseum 
Fusarium moniliforme 865 
Geotrichum candidum | 
Geotrichum ap ROS 
Allernaria tenuis ROS 

Discussion 


Geotrichum candidum is a common 
mold on trickling filters and has been 
observed by various workers whose 
researches are reported by Cooke (1). 
Various species of Fusarium are as- 
sociated with polluted water and sew- 
age (1). Species of Alternaria are 
associated with air (2) and soil (3) 
In addition to the six molds isolated, 
large numbers of the bacterium 
Zooglea ramigera were found in filter 
number 


Summary 


Six species of fungi and one pre 
dominant species of bacteria were ob 
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served living in high-rate 
filters diluted 


waste of high organic content. 


trickling 


receiving a chemical 
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CALIFORNIA HERE WE COME! 


Following a record attendance at 
the October, 1955 Annual Meeting of 
the Federation in Atlantic City plans 
are already taking shape for the 1956 
Meeting in Calif., Oc 
tober 8~11, Chairman of the 
Local Committee, Mr 
Arthur Pickett, has the subcommittee 
chairmen busy planning a golden wel 


Los Angeles, 


1956. 
Arrangements 


come for Federation members and 
guests 


In this day of fast strains and jet 
planes, California is quite close in time 


to the Federation membership in the 
Western Hemisphere 


Secause of the 
outstanding sights available to 
elers in the Western States, many 
will inelude the ‘‘I,.A.’’ 
meeting in a vacation trip. 


tray 


members 


To help in convention planning, we 
would appreciate receiving informa 
tion from those who hope to attend the 
Los Angeles Meeting. Will you please 
send a short letter or post card to the 
office of the Federation Secretary stat- 
ing your interest (or lack of it) in the 
following possibilities : 

l. A special convention train mak- 
ing up in New York City and con- 
necting at Chicago for a scenic trip 
West with side excursions 

(a) enroute to Los Angeles, or 
(b) returning from Los Angeles 

2. Post-convention trip to Hawaii by 
steamship or air. 

Your response by January 15, 1956, 
will be greatly appreciated. 
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PARTICLE-SIZE DISTRIBUTION OF GROUND 
GARBAGE 


By E. Rosert BAUMANN, A. Dorman, anp Marvin T. 


Respectively, Associate Professor, Research Assistant | and Associate in Civil Engineering, 


Engineering Experiment Station, 


The establishment of a uniform par- 
ticle-size distribution code for garbage 
vround in household garbage grinders 
and a reproducible procedure to deter- 
mine the distribution have been recom- 
mended by Wolff (1). The need for 
uniformity is evident from the fact 
that some city codes are not in agree- 
ment with particle-size distribution 
test results obtained with typical 
ground garbage. At present no stand- 
ardized procedure for determining 
the particle size of ground garbage 
exists. Until such a procedure is estab- 
lished, codes will be meaningless. <A 
proposed code and procedure are pre- 
sented by the authors. 

In conducting studies of the heat 
treatment of garbage, it was necessary 
to develop a reproducible procedure 
for determining the particle size of 
ground garbage and to obtain repre- 
sentative data of ground garbage, par- 
ticle-size distribution. 

Numerous experimental procedures 
were tested in the laboratory and 
modified repeatedly in developing a 
satisfactory test procedure (2). These 


Total weight weight of 


solids 
of solids = 
retained on 
recovered 
sieves 


+ Presently, Engineer, City of Milwaukee, 


lowa State College, Ames, lowa 


preliminary tests indicated that a 
satisfactory procedure would involve: 


1. The suspension of the ground 
garbage in a volume of water sufficient 
to facilitate the passage of particles 
through a set of standard sieves. 

2. The passage of the ground garb 
age suspensions separately through 
each sieve of a set of sieves to faeill- 
tate handling and sieving. 

4. The use of a synthetic detergent 
to cut the grease in the garbage. The 
vrease otherwise tends to plug the 
screen openings in the sieve and ag- 
vlomerate the particles of ground 


garbave 


With these factors determined, the 
two-container method was developed 
for determining the particle-size dis 
tribution of ground garbage 


Data Analysis 


The percentage of solids passing 
each sieve is calculated on the basis 
of total weight of dry solids. The 
total garbage solids recovered in the 
test may be determined as follows: 


weight of weight of 

total solids added solids, 
in dilution and tap water 

rinse water and detergent 


Milwaukee, Wis 
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A check 
can be made by comparing the weight 
of the solids the test 
with the weight of the garbage solids 


added to the 


on the accuracy of the test 


recovered in 


In a satisfac 
least 95 to 97 


top sieve 


tory test, at per cent 


of the solids added to the top sieve 
the sieves or in 


will be recovered on 


the dilution and rinse waters. 


TABLE I. 


Jetergent effect 


Reproducibility test 


of grinding head 


Domestic garbage grinder 


(Average of data using 
$/4-in, head 


All values are per cent passing 
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The data should be expressed graphi 
cally by plotting the average of two or 


more runs on logarithmic paper with 


passing plotted as the 
ordinate and sieve opening in milli- 


the per cent 
This plot will 
straight line. 
The results of two runs may normally 


meters as the abscissa. 
normally approach a 
be expected to agree with a maximum 
variation of 3 to 5 per cent 


Particle Size Distribution of Ground Garbages 


Sieve Size or Number! 


4 
rat 
Iria | Run = 
| % % | | #10 | #20 | #40 #60 
| | | | | 
| | 
oe vo, 9 | | 100 | 91 6 | 82.6 | 78.8 | 5 | 67.2 | 61.6 | 60.8 F 
ee. 2 =| 100 | 91.2) 82.4 | 79.2 | TBL7 | 67.6 | 62.4 | 61.6 : 
cee Avg | 100 | 91.4] 82.5 | 79.0 | 1 | 67.4 | 62.0 | 61.2 
Ber | | | | | 
Pees No. 10 1 | 100 | 95 6| 85.8 | 81.2 | HG | 68.4 | 61.3 | 59.5 
Ape 2 |} 95.4] 85.2 | 81.9 .2 | 69.9 | 62.7 | 60.9 
05.7 | 86.1 81.8 | | 66.9 | 60.5 | 59.1 
i Ave | 95.6] 85.7 | 81.6 | Io | 68.4 | 61.5 | 59.8 
2s No. Hl l 96.9 | 88.4 85.6 | 82.6 | 79.4 | 74.6 | 73.2 
sash 2 | 96.9] 89.2 | 86.4 | 83.7 | 78.9 | 75.4 | 74.2 
a 3 96.5) 85.6 | 82.0 | 78.7 | 73.5 | 69.7 68.3 
mat § Avg | | 96.8) 87.7 | 84.7 | 81.7 | 77.3 | 73.2 | 71.9 
ane No. 13 | 86.0| 76.7 | 73.0 | 68.3 | 59.0 | 54.3 | 53.5 
eae 2 | 90.3] 81.0 | 77.6 | 73.1 | 61.4 | 56.8 | 55.9 
a Avg | 88.2) 78.8 | 75.3 | 70.7 | 60.2 | 55.6 | 54.7 
: 
7 7 54.5 | 5: 
ES a Og | 97.0) 91.0 | 87.0 | 82.2 | 63.1 | 54.5 | 53.4 
pees lO g | 97.8} 91.7 | 88.8 83.6 | 63.8 | 56.2 | 55.5 
Sine 20 ¢ | 96.3] 91.9 | 89.1 | 84.4 | 63.8 | 59.1 | 58.3 
avis 30 g | 97.7 | 92.2 | 88.7 | 83.9 | 64.2 | 57.3 | 56.6 
cialis Avg | 97.2] 91.7 | 88.4 | 83.5 | 63.7 | 56.8 | 56.0 
| | 
ee Po l | 83.2 72.1 | 69.2 | 65.9 | 61.6 | 52.3 | 50.0 
oo | 2 | 86.2] 73.8 | 70.9 | 67.5 | 63.2 | 54.0 | 51.5 
| eal @m ‘ | sew re 
aed 3 | 85.3] 75.3 | 70.3 | 67.3 | 62.9 | 55.7 | 52.9 
reas \ | | 85.1] 73.1 | 69.7 | 66.7 | 62.8 | 52.7 | 49.4 
prs Avg | 95.0] 73.1 | 70.0 | 66.9 | 62.6 | 53.7 | 51.0 
ates a 3/4” | | 73.2] 63.2 | 60.5 | 57.0 | 52.5 | 48.9 | 48.0 
OPEL — 1/2” | | 94.9] 77.5 | 72.5 | 67.8 | 62.2 | 58.4 | 57.0 , 
Sa | 3/8” | | 99.7| 84.1 | 77.7 | 72.8 | 68.1 | 63.4 | 62.4 | 
St. 3/16" | | 100.0} 99.0 | 86.9 | 77.7 | 68.2 | 65.1 | 63.2 
99.2} 91.8 | 89.1 | 85.2 | 76.1 | 66.1 | 64.2 
> ae 2 99.0} 95.8 | 92.6 | 82.9 | 70.8 | 65.4 | 60.8 
ei | Avg | | 99.1] 93.8 | 90.8 | 84.0 | 73.4 | 65.8 | 62.5 
| | | 
il 92.4| 833 | 79.8 | 75.5 | 66.6 | 60.5 | 59.1 
| 
. 
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Verification of the Proposed Method 


The reproducibility of the two-con- 
tainer method of determining the par- 
ticle-size distribution of ground garb- 
age was verified in two ways: 


1. The particle-size distributions of 
iumerous ground garbages were de- 
termined in two to five identical runs 
by the same person. 

2. The particle-size distribution of a 
ground garbage was determined in 
identical runs conducted by different 
people. 

The data for the reproducibility test 
listed in Table | and plotted in Fig 
ure 1 were obtained by making four 
identical runs with aliquot portions 
of the same ground garbage. The 
maximum variation in this test from 
the mean value of percentage passing 
a given sieve size was two per cent 


(Table Il). The maximum variation 
between any two values was only 3.4 
per cent. The variations between 


runs made in trials 9, 10, 11 and 13 
are also tabulated. Considering the 
maximum variation from the mean 
value as a measure of the reproduci 
bility of the test procedure, the data 
indicate an average variation in test 
results of 2 to 4 per cent. Because 
many factors affect the accuracy of 
the test and the desired application of 
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Sieve cumber 


FIGURE 1.—Variation in particle-size 
distribution based on four runs of the same 
ground garbage. 
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TABLE IIl.--Range of per cent variation of 
results for runs using the same 
garbage sample’ 


Range of Percentage 
Number Variation 
Trial! | of Runs 
ra — 
Trial From | Maxi- | Mini 
Mean | mum | mum 
No. 9 2 0.9 | 18 | 0.2 
No. 10 3 1.6 3.0 O03 
No. 11 3 3.8 5.9 O4 
No, 13 2 2.4 4.8 2,2 
Detergent effect 4 2.6 9 1 
Reproducibility 
test 4 2.0 | 3.4 | 0.1 
| 


‘A different garbage was used in each trial 


the test results, it may be concluded 
that the procedure provides a reason 
ably accurate method of determining 
the particle size of ground garbage. 

One major factor affecting the ac 
curacy of the test and the labor re 
quired in making the sieve analysis 
was the grease contained in nearly 
all the garbages. The grease had a 
tendency to agglomerate the ground 
particles of garbage, making it diffi- 
cult or impossible to separate the 
garbage particles according to size 
Tests were conducted, therefore, using 
a synthetic detergent in an attempt to 
reduce this problem. The detergent 
had to be added to neutralize the ag 
vlomerating effect of the grease with 
out producing a soap-film barrier in 
the sieve openings. The amount of de 
tergent required varies with each 
garbage, but can be easily determined 
by trial and error. The formation of 
suds which remain throughout the 
sieving was an indication that too 
much detergent was used. 

The use of a detergent in varying 
amounts in the detergent-effect trial 
did not affect the reproducibility of 
the test procedure. (Tables I and II) 
It did, however, considerably reduce 
the time required for sieving the 
garbage when it was used in optimum 
amounts. If residual suds were pres 
ent during sieving, the accuracy of 
the test was affected adversely. 
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Grinding 


In the study of the heat treatment 
number of 
were made using ground garbage 
these 
was commercial garbage, or waste food 


tests 
The 


tests 


of garbage, a large 


garbage used in most of 
collected from establishments engaged 
in mass feeding, such as restaurants, 
food institu 
tional food services. The garbage was 
that which would be dis 
through domestic 


hospitals, markets and 
similar to 
posed of garbage 
vrinders. For that reason, the garb 
age contained a minimum of glass, pa 
other materials which 


would not be fed to a 


per and 


ally 


norm 
domestic 
varbage grinder. 

A 1.5 h.p. commercial meat chopper 
with a capacity of 20 to 25 Ib. of beef 
minute was used to grind the 


per 
yvarbage, The chopper was equipped 
with interchangeable cutting plates or 
heads of different sizes which made it 
possible to control the maximum par 
ticle ground 
Grinding head sizes used in this study 
%e-in. and %,-in 
The diameter of the individual open 


size of the garbage 


were %-in., Y-in., 
ings in the grinding head is used to 
designate the fineness of the grinding 
The %4-in. grinding head was used for 
trial determinations of 
particle-size distribution. 


all numbered 


In the grinding trials, about 200 Ib 
The 


varbage was sorted prior to grinding 


of garbage was ground at a time. 
and bones 
clog the food 
The ground 
thoroughly 
The 


used to 


and stray pieces of glass 


which would chopper 
remoy ed 
collected 


in 20-gal 


were garbage 


was and mixed 


CADIS two-container 


method was determine the 


particle-size distribution of represen 


tative samples of the ground garbage 
The data were plotted on logarithmic 
obtain a 
straight line relationship between the 
the 


percentage passing the screen. 


paper in an attempt to 


screen opening and cumulative 


trial 


A dif 


The data are designated by 
numbers or descriptive names, 
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ferent garbage was used in each trial. 
Each trial subdivided into two 
or more runs from which independent 
particle-size determinations were ob- 
tained for the same garbage. 


was 


Test Results 


made to 
distribu- 
Typical re 
sults of tests using 8 different samples 
of commercial garbage are included in 
Table I. Trial Nos. 9, 10, 11 and 13 
were routine tests made to determine 
the particle size of garbage ground 
using the %4-in. grinder head. The 
trial labeled ‘‘detergent effect’’ was 
made to determine the effect of using 
various amounts of detergent to cut 
the grease in the ground garbage. The 
trial ‘‘reproducibility test’’ 
was made to determine whether similar 
particle-size results could be obtained 
with the same garbage. 


Figure 2 shows the average particle 


More than 300 tests were 
determine the particle-size 
tion of ground garbage 


marked 


size distribution of garbage ground in 
the meat chopper using the *4-in. head. 
The average of 
the first six Table I. 
The varied 
from trial to trial because of the vari- 
ation in the composition of the com 
mercial garbage. In cases, the 


curve represents the 


trials listed in 


particle-size distribution 


some 


« 


eve number 


FIGURE 2.—Particle-size distribution of 
garbage ground in a domestic garbage 
grinder and in a commercial meat chopper 
with a %-in. head. 
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FIGURE 3.—Effect of grinding-head size 
on particle-size distribution of garbage 
ground in a commercial food chopper. 


varbage consisted of leftovers from an 
evening meal, In other cases, the 
garbage consisted of breakfast foods. 
.For this reason, the average percent- 
age of material passing the No. 60 
sieve was found to vary from a low 
of 51 per cent to a high of 71.9 per 
cent. The latter garbage consisted 
chiefly of breakfast wastes containing 
a large proportion of oatmeal wastes. 
If this trial was not considered, the 
variation would be from 51 to 61.2 
per cent In other words, with a 
normal garbage ground using the 4, 
in. head, from 50 to 60 per cent of the 
material on a dry weight basis will 
pass the No. 60 sieve as soiuble or 
suspended material. The material 
passing the No. 60 sieve, based on the 


average of several typical garbage 
samples, is composed of about 30.5 
per cent soluble solids and 69.5. per 
cent suspended solids, 

In one test the garbage was ground 
in a domestic garbage grinder and the 
results indicated that the garbage was 
ground finer than in the food chopper. 
More than 60 per cent of the ground 
garbage passed through the No. 60 
sieve. 

In another test aliquot portions of 
the same garbage were ground using 
different heads in the food chopper. 
Increasing the fineness of grinding in 
creased the percentage of garbage 
passing each sjeve in the set (Figure 
3). The increment of increase in the 
percentage passing the smaller size 
sieves decreased as the grinding head 
size decreased 


Particle-Size Distribution Codes 


The particle-size distributions —re- 
quired for ground garbage by various 
cities is shown in Table II]. The city 
codes for Detroit, Mich. and Phila- 
delphia, Pa. require, respectively, that 
100 per cent and 95 per cent of the 
garbage ground by domestic disposal 
units be retained on a No. 40 sieve 
In addition, they require that not 
more than 5 per cent, and 10 per cent, 
respectively, be retained on a Y-in. 
sieve. Los Angeles, Calif., the District 
of Columbia, and the U. 8S. Govern. 


TABLE III.--Particle-Size Distribution Specified by Various Codes 


Detroit, Mich 0 
Los Angeles, Calif, 0 
Philadelphia, Pa 0 
District of Columbia 
U.S. Government 
Recommended ‘0 


Per Cent Permitted on Given Bieve 


win | No. 3 | No. 6 No. 8 No. 40 


2mm.) | (6.35 mm (3.36 mm.) |) (2.438 mm.) | (042 mm.) 
Maximum | Minimum 
5 100 
oO | 
10 
0 25 
60 
10 15 25 2h 


3 
| 
| is 
| 
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ment codes require that not more than 


20 to 35 per cent be retained on a 


\4-in. sieve. The Los Angeles code ri 
quires also that not more than 60 per 
cent be retained on a No. 8 sieve and 
the U. S. Government requires that not 
more than 60 per cent be retained on a 
No. 6 sieve 


Feasibility of Existing Codes 


On the basis of the data presented 
it would appear that the municipal 
Detroit and Philadelphia 
cannot be complied with fully. These 
codes require that 5 per cent or 
of the ground garbage be permitted to 
In these 
tests, an average of 60.5 per cent of 


codes for 
less 


pass through a No. 40 sieve. 
the garbage ground through the °4-in 
head with the commercial meat chop 
per and an average of 65.8 per cent 
of the garbage ground through a do 
mestic grinder passed through the No 
10 sieve. Thus, none of the tests re 
ported would comply with this require 
ment. A comparison of the codes for 
Los Angeles, the District of Columbia 
and the U. 8. Government with the 
data indicates that these codes also do 
not approximate results which are ob 
tained in the field 


Recommended Code 


Existing codes specifying the par 
distribution of garbage 
ground in household food-waste grind 


ticle-size 


ers are based on the following objec 
tives: 


the maximum size of 
the garbage particles so no garbage 


will settle out 


l To control 


in the sewers before it 
reaches the treatment plant 

2. To control the minimum size of 
the garbage particles so most of the 
removed in the sedi 
and will not 
tribute excessively to the secondary 


garbage will be 


mentation process con 


treatment processes. 
data 


the codes designed for 


Test 


some of 


that 
these 


however, indicate 
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purposes would be impossible to com- 
ply with. In order to provide a more 
workable code, consideration should be 
given to code 


including in the pro 


vision for 


l. The acceptable 
procedure for determining the particle 
size of ground garbage. 

2. The 


adoption of an 


designation or formulation 


of a synthetic garbage of fixed compo 


sition to be used for determining the 
compliance of a_ particular 
grinder with the code. 


garbage 


3. The establishment of 
able per cent 
standard sieves of various sizes. 

The are recom- 
mended, therefore, for use in specify- 
ing the 
garbage 


grinders: 


an accept- 
range of passing for 


following items 


distribution of 
domestic 


particle-size 


from food-waste 


1. A standard method, such as the 
proposed two-container method. shall 
be used to determine the particle size 
of ground garbage. 

2. The determination of the particle 


size distribution of garbage from a 


domestic food-waste disposer shall be 
made with a garbage of the following 


composition ; 


The determine 
compliance of a domestic grinder with 


garbage used to 
the code shall be a commercial garbage 
food 


evening meal at a restaurant serving 


consisting of wastes from an 


not less than 600 people.’ 
3. An acceptable food-waste grinder 
shall produce a particle-size distribu 


tion for the ground garbage that falls 
within the following ranges: 


Range of Percentage 
"assing 


Sieve No 


16-in 100 
90-100 
85-100 
1¢-in 95 
No. 10 OO 
No, 20 

No. 40 

No. 60 


“ 
ras 
3 
BaF 
a 
: 
2 
; 
Lage 
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APPENDIX—PROCEDURE FOR DETERMINING THE PARTICLE- 
SIZE DISTRIBUTION OF GROUND GARBAGE 


The apparatus, procedure, and data 
analysis used in the Iowa State Col- 
lege Sanitary Engineering Laboratory 
for determining the particle-size distri- 
bution of ground garbage are as fol- 
lows: 


Apparatus 


1. Set of U. S. Standard Sieves— 
%4-in., %g-in., Y4-in., %-in., No. 10, No. 
20, No. 40 and No. 60. 

2. Two galvanized cylindrical con- 
tainers of approximately 10-1. capacity 
each, of sufficient diameter that a sieve 
might be manipulated partially sub- 
merged within the container during 
sieving. 

3. One 25-1. container for collecting 
final wash and rinse solution 

4. Hose and shower spray head (2'%- 
in, diameter) containing about sixty 
1/32-in. diameter holes. 

5. Thirty tared 125-ml. evaporating 
dishes. 

6. Two tared 600-ml. beakers. 

7. Balances. 

8. Drying oven (preferably a vacu- 
um or inert gas oven to prevent oxi- 
dation) capable of maintaining a tem- 
perature of 100° C. for drying mos- 
ture samples. 

%. 100-ml. pipette 

10. Spatula. 

11. Impervious work area, about 2- 
ft. by 2-ft., for collecting 
from sieves 

12. Watch 
beakers 


garbage 


glasses to cover 600-ml. 


Two-Container Procedure 


1. Mix thoroughly the garbage to be 
tested 

2. Select three 100-ml. representa- 
tive samples for a moisture determina- 
tion, place in three tared evaporating 
dishes and weigh on an analytical bal- 
ance immediately after each sample is 
taken. 
bage loses moisture rapidly 


Speed is essential since gar- 
Place the 
three evaporating dishes used for the 
moisture 100° C. 
oven and dry to constant weight, ap 
proximately 48 hr. 

3. Select, simultaneously, two 600 
ml. representative samples of the gar 


determination in a 


bage for the sieve analysis, place in 
two tared beakers and weigh immedi- 
ately. Determine the weight to the 
nearest gram 

4. Wash the contents of one of the 
600-ml. beakers into one of the 10-1 
containers with the aid of the shower 
spray 

5. Add a predetermined weight of 
detergent, if the 
grease facilitate the sieving ae 
tion. The amount of detergent added 
should not cause the formation of 
residual suds 


necessary, to cut 
and 


6. Dilute and suspend the garbage 
sample in the 10-1. container with the 
spray, filling the container about %% 
full of water. The rate of spray dis 
charge should be about 10-1. per min 

7. Pour the contents of the 10-1 


eon 


tainer through the largest size sieve 


oc 
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collecting the filtrate in the second 10 
1. container. Wash particles of gar 
bage out of the container with the 
spray 


8. With the 
half in the liquid of the second con 


sieve submerged one 


tainer, sieve the garbage. At no time 
should the top lip of the sieve be sub 
merged nor should the washing action 
cause splashing 

9. Rinse the sieve contents with the 
determined 
that the particles remaining 
will 


spray after it has been 
visually 
on the sieve continue to be re 


The 


be 2- to 5-l per 


tained 
should 


spray discharge rate 
minute 

10. Empty the contents of the sieve 
on the collection area 

11. Place the particles in a tared 
evaporating dish and evaporate in a 
100° C. oven to constant weight, ap 
proximately 48 hr. 

12. Repeat steps (5) through (11), 
using the next smaller sieve each time 
until all of the sieves in the set have 
been used 

13. Pour the wash and rinse water 
remaining in the 
the 25-1 
nearest gram 

14. Agitate the 
three 


10-1, containers into 
container and weigh to the 


solution ; 
100-ml 
separate tared 
Agitate the solu 
tion before each of the three samples 
Evaporate the samples 
to dryness on a steam bath and dry to 
a 100° C 


remove 
representative samples 


and place in three 


evaporating dishes 
is removed 


constant weight in 
proximately 24 hr 


oven, ap 


SEWAGE AND INDUSTRIAL WASTES 


November, 1955 
15. Empty and rinse the 25-1. con- 
tainer and weigh to the nearest gram. 

16. Repeat steps (4) through (15), 
using the second 600-ml. sample of 
varbage. 


17. Remove the dried samples from 


and 
weigh on an analytical balance. Speed 


the oven, cool in a desiccator 
is essential when weighing, since the 
dried samples are exceedingly hydro 
scopic 

18. Determine the moisture content 
of the detergent and the total solids 
in the water used in the test. 


Modifications for 
Garbage Grinders 


Testing Domestic 


If the two-container method is used 
to determine the particle size of gar 
bage ground through a domestic 
grinder, the following steps should be 
substituted in the procedure for steps 
$4, 5, and 6 


4. the 
from one of the 600-ml. beakers 


unground garbage 
into 
the domestic disposal unit to be tested 
and operate the grinder. 

5. Collect the diluted and suspended 
ground from the 


garbage 


drain outlet 


disposal 
in the 25-l. container. 

6. Add a predetermined weight of 
detergent, if necessary, to cut the 
crease and facilitate the sieving action. 
Agitate slowly The amount of de- 
added should not 
sidual suds 


tergent cause re- 


: 
3 
oh 
5 
; 
; 
7 
be 


Industrial Wastes 


TREATMENT OF ACID WASTES WITH CALCITE * 


By Vincent ve P. Lukas 


Sanitary Engineer, General Electric Company, Schenectady, New York 


The Clock and Timer Department of 
General Electric Company manufac- 
tures ‘‘Telechron”’ electric clocks and 
small self-starting, synchronous motors 
for meters and instruments. In 1947 
modifications to an old street car barn 
resulted in the present manufacturing 
facilities at Worcester, Mass. With 
new machinery and equipment in- 
stalled, component production and as- 
sembly was started on an expanded 
scale, 

At present a portion of the manu- 
facturing facilities are devoted to de- 
fense items which require close toler- 
ances and volume production machin- 
ery. Acid wastes from the plating of 
many of the intricate parts for defense 
items and synchronous motors consti- 
tute the principle industrial waste. 

After deciding to expand operations, 
industrial waste treatment was given 
consideration in the planning for the 
new operation even though all wastes 
were to be discharged to the Worcester 
sewer system, This action was 
prompted because acid wastes from the 
many wire and metal companies in 
Worcester were damaging the sewers 
which, compared to those in use in 
most systems, were designed to carry 
slightly alkaline sewage. In 1952, the 
city adopted an ordinance to control 
industrial wastes. 


* Presented at 5th Joint Meeting, New 
England Sewage and Industrial Wastes Aesn. 
and New York Sewage and Industrial Wastes 
Assn.; Albany, New York; June 13, 1955. 


The Treatment Unit 
Design Data 


The acid waste treatment system of 
upflow limestone beds was designed 
from the basic data obtained from 
studies by Gehm (1) (2) and Reidl 
(3). The system treats all the waste 
water from the washing, plating and 
rinsing operations. These operations 
were expected to produce approxi- 
mately 14,000 gal. per hour of waste 
with an acid content of 379 p.p.m. as 
sulfuric acid, It was anticipated that 
the expanded plant would use approxi- 
mately 20,000 gal. of various acids and 
55,000,000 gal. of water per year in 
the plating room operations. 

The acid waste treatment system was 
built for about $17,000 and was placed 
in operation in July of 1947. The 
most unique feature of this treatment 
system is its location. Due to the lack 
of available land the system was con- 
structed below the floor in the plating 
room (Figure 1). All wastes from the 
plating room operations spill onto the 
subfloor below the wooden floor and 
flow by gravity into concrete channels 
located down the center and along the 
edges of the subfloor. The wastes flow 
through two 14-in. mesh stainless steel 
screens in series, which were installed 
after the treatment system was built. 
A plan of the treatment system is 
shown in Figure 2. 


Tanks 


The wastes flow through a skimming 
tank into a sludge tank and then into 


1253 


i 
e 
; 


SEWAGE AND 


INDUSTRIAL 


WASTES November, 1955 


Nw 


FIGURE 1.—General view of the plating room. The acid waste treatment system is 
located under the floor (note manholes). 


a settling tank. The combined capaci 
the tanks at minimum and 
maximum liquid levels are 8,000 and 
15,600 gal 


ties of 


respectively, resulting in a 


storage capacity of 7,600 gal. or more 


than one-half hour detention based on 


the design flow rate of 233 g.p.m 


++ | 
we 


At the 


g.p.m 


315 
the detention time is almost 24 
minutes 

These 


one 


present average flow of 


tanks may be considered as 
large conerete dilution tank that 
receives all the wastes from the plating 
operations. The acts as 


first section 


ED 


FIGURE 2.—Plan of the acid waste treatment system utilizing limestone beds. 
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an oil and grease separator, in addi- 
tion to retaining floating solids. In 
the second section the heavier solids 
settle, while the third section contains 
fairly clear liquid. The size of this 
tank provides only limited equaliza- 
tion, particularly when concentrated 
acid and alkaline’ solutions are 
dumped 


Kductor 


From the final settling tank the 
wastes are syphoned into a penstock 
by means of an eductor, designed to 
handle the waste at rates of 233 g.p.m. 
or greater. This is accomplished by 
pumping neutralized effluent through 
a nozzle to the pressure side of the 
eductor. The flow is increased greatly 
with a drop in pressure thereby in- 
ducing the syphon action. The treated 
wastes mix with the untreated wastes 
and flow into the first penstock. 


Limestone Beds 


Two limestone beds each 5 ft. by 
3 ft. with a 2-ft. depth are provided 
in series. From penstock or compart- 
ment No. 1 the waste flows up through 
the first limestone bed at an average 
rate of 26 g.p.m., per square foot, into 
penstock or compartment No. 2 and 
then up through the second limestone 
bed into the final tank. 

Final Tank 

In this final tank is located the sue- 
tion line with a recirculating pump 
which can handle up to 700 g.p.m., 
returning 233 g.p.m. to the aeration 
nozzles located in the last tank. The 
turbulence liberates some carbon di- 
oxide and the pH of the effluent is 
raised slightly The treated wastes are 
discharged through an 8-in. pipe to 
the city sanitary sewer. 

Gases and fumes are removed by 
vent ducts connected to a mechanical 
ventilation system. The tanks are pro- 
vided with sufficient manholes to per- 
mit easy access for cleaning, inspec- 
tion and maintenance. Acid proofing 
was accomplished by using acidproof 
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brick lining in the skimming tank and 
asphalting all other interior surfaces. 

In the event of a shutdown of the 
centrifugal pump the system can op 
erate by gravity. The baffle wall be 
tween the first compartment and the 
limestone bed is high enough to per 
mit this action. A pH recorder was 
provided as a check on acidity of the 


effluent 
Operation 


The original limestone used was 
‘*size No. 2 calcite erystals’’ with crys- 
tals 2 to 3 mm. in diameter. This 
calcite gave considerable trouble dur- 
ing initial operations due to a build 
up of fine, thightly packed insoluble 
solids which reduced flow through the 
beds and gave a false indication of the 
effective depth of the limestone. This 
calcite was replaced with another prod- 
uct known as ‘‘Roll-Cal H,’’ a high 
grade poultry limestone. The new 
source of calcite analyzed 97.2 per cent 
as calcium carbonate as compared to 


FIGURE 3.—Comparison of initial and 
current source of calcite. 
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TABLE I. Acid Waste Treatment System 


pH Readings 


Sample 


Inlet 

Skimming Tank 
Compartment No. I 
Compartment No, 2 
Outfall 


84.5 per cent for the original calcite 
The 
ure 3, 

The Roll-Cal averaged about 
$17.80 per ton, but last fall it was in 
creased to $25 per ton. For the past 
two years daily records of the addi 


two calcites are shown in Fig. 


cost 


tions to the two neutralizing beds show 
that bed No. 1 required an average of 
2.500 Ib per month and bed No 
about 1,100 Ib month Calcite 
monthly requirements vary with 


2 
per 
pro 
duction 

The of 
series has proven to be sound practice 
better treatment of the 
wastes. If, for some reason, the 
bed should have insufficient 
height of calcite due to excessive 


use two limestone beds in 


and insures 
acid 
first 


use, 


or if channeling should take place, 


any 
would be 
neutralized in the second bed. Also by 
having double the amount of lime 
stone area available, the need for fre 


residual acidity partially 


quent additions of calcite is reduced 


Analytical Data 


Detailed analytical data indicate the 
influent pH! of the wastes to be be 


TABLE Il. 


influent Eduetor 
Suspended solids (p.p.m.) 
Chlorides (p.p.m.) 
Acidity (p.p.m.) 

pH 

Iron (p.p.m.) 

B.O.D., 5-day (p.p.m.) 


35 | 

50 
3.0 
2.0 
1.4 


13 
58 
50 
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Acid Waste Treatment System 


|} ment 
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tween and 2.5. 


2.1 The pH averages 
2.4 and is raised to about 3.5 following 
the first limestone bed. After up-flow 
through the second limestone bed the 
pH to 4.7 (4.5-5.2). 
The treated wastes often exceed a pH 
Aeration in the last tank in- 
creases the final pH only slightly— 
about 0.05 at the maximum. 
Typical pH values at various points 
the acid treatment 
are given in Table I. 

In May 1951 the Massachusetts De 
partment of Public Health made a sur 
vey of the acid waste treatment system 


is raised about 


of 5 


in waste system 


and composited samples at six points, 
with portions of collected 
every 30 minutes. The results of the 
survey are given in Table II. 

The system was designed to recircu- 
late 700 g.p.m. of the treated 
to give a dilution factor of 2:1. An 
in flow to 315 
g.p.m. plus the recirculated flow of 
467 to the first compartment 
preceding the calcite beds caused flood 
ing of the system. Therefore, it was 
necessary to the recirculation 
to 167 g.p.m. (plus 233° g.p.m, 
aeration). The efficiency of the system 
remained the which indicated 
that dilution was not contributing ma- 
terially to the treatment of the acid 


samples 


waste 


increase acid waste 


g.p.m 


reduce 
for 


same, 


waste, 

A two-week trial period was selected 
in April, 1955 to determine if recireu 
Twice 
daily, samples were collected for pH 
and acidity determinations on the in- 
fluent and effluent. The first week the 


lation should be discontinued. 


Chemical Analyses 


Sampling Point 


| 


Compart 2nd Overflow | 


lat Overfiow 
No, 1 


Effluent 
| 

10 

58 

10 


| 
; 
i} 
A.M 
pH 
1:00 | 
9:05 2.91 
1.5 
: 
3 
| 
— 
| 658 " 
5 
14 
| 10 
7 
7 
0.7 2.0 9 
1.1 2.8 
- 0.9 : 
= 
— - 
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recirculating pump was in operation 
while during the second week the sys- 
tem was operated without recircula- 
tion. Both weeks were normal pro- 
duetion periods with similar opera- 
tions being carried on in the plating 
room. Equal efficiencies were ob- 
tained with and without recirculation. 
Additional studies will be made before 
discontinuing the use of recirculation. 


Maintenance 


Minor maintenance of the acid waste 
treatment system is the responsibility 
of the plating room personnel. The 
depth of the calcite beds is checked 
twice daily, usually one hour after the 
start of operations in the morning and 
in the early afternoon. Calcite is 
added as required, but never less than 
in bag lots of 80 or 100 Ib. 

The stainless steel screens are 
cleaned three to five times per day. 
Since the installation of these screens, 
the skimming tank requires cleaning 
on the average of once every two weeks 
instead of every three to five days as 
was the previous practice. Seum and 
other floating material is skimmed off 
at the manhole and placed in covered 
metal cans and disposed at the city 
dump 

The pH of the effluent is checked 
periodically on a pH meter and is 
compared with the reading on the 
automatic pH recorder. Frequent 
checks are made of the chart on the 
pH recorder by the operator. The 
time of dumping of any solutions also 
is recorded on the chart. 

All the calcite is removed from the 
beds and tanks every three months. 
With the original acid-proof linings 
frequent repairs were necessary to the 
tanks containing the limestone beds. 
The repairs consisted of filling holes 
with roof cement and finishing with 
a coating of ‘‘No-Tar’’ roof coating. 
The average cost was about $48 per 
cleaning. A fresh supply of calcite was 
then added to bring the depth of the 
beds to two feet. 
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Problems and Solutions 


In 1952 the calcite tanks were re- 
lined with acid resistant red quarry 
tile and acidproof cement from the 
bottom to one foot above the waste 
water level at a cost of $360. The use 
of tile has proven to be successful and 
eliminates maintenance due to corro 
sive action of the waste in the calcite 
tanks, a costly maintenance item. 

During vacation shut down each 
year, all the tanks are drained and 
the walls and piping are checked and 
repairs made when necessary 

Originally, the subfloor in the plat 
ing room required recovering with 
four plys of felt and hot tar every 
two years at a cost of about $400. Re 
cently, asphalt coated jute was used 
in place of the roofing felt at a small 
increase in cost. If replacement every 
four years is realized, the saving will 
amount to $150 annually. 

Yearly maintenance of the concrete 
channels requires patching corroded 
concrete and asphalt relining at an ap- 
proximate cost of $125. It is estimated 
that the proposed use of jute and 
asphalt will save $60 per year or about 
one-half of current maintenance cost. 

The original ductwork venting the 
acid waste treatment system was fab- 
ricated from copper bearing steel and 
coated inside and out with an asphalt 
paint. These ducts corroded out in 
six months and were replaced with 
stainless steel that rusted and pitted 
in seven months. Finally, the duets 
were constructed of marine plywood 
and coated inside and out with asphalt 
paint. To date, a savings of about 
$1,000 has been realized by the use 
of plywood ducts in place of the others. 
A recent cheek showed that the ply 
wood is holding up well and should 
last many more years 

The stainless steel blower used for 
forced ventilation of the tanks cor 


roded and required replacement at a 
cost of $1,000. The present rubber 
covered blower and housing have been 
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in use for five years and are giving 
The initial 
of the stainless steel blower was $600 
and it lasted only 14 months. 


satisfactory service. cost 


Operating Costs 


Daily averages 
hours of labor and costs approximately 
$900 per year. Cleaning of the calcite 
beds, the cost of calcite 
replacement, amounts to $100 annu 
ally. Yearly maintenance is between 
$500 and $600, depending on the ex- 
tent of repairs (about $480 for labor), 
bringing the total annual cost of main 
taining the system to $1500 

A reasonable estimate of the cost of 
treating the acid waste is $0.17 per 
1,000 gal. based on an annual flow of 
28,000,000 gal. The annual 
are: 


maintenance two 


exclusive of 


average 
costs 


Daily 


maintenance .... 900 
Yearly maintenance .... = . 600 
1,500 
1,200 


$4,690 


Power 
Depreciation 
Total 


Summary 


1. The General Electric Company 
manufacturing facilities at Worcester, 
Mass. discharge a waste having a pH 
between 4.5 and 5.2 which is 
satisfactory to city and state authori- 
ties future production 
plans this should remain true for a 
long time. 

2. The significant feature of 
the acid waste treatment system is its 
location below the floor in the plating 
room. Satisfactory operation of this 
system proves that when space is criti 


range 


Considering 


most 
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cal an installation of this type is feas- 
ible. 

3. The application of 26 gal. per 
minute per square foot of a waste 
having an initial pH of 3 through a 
2-ft. bed of limestone gives efficient 
operation. 

4. Recirculation and aeration does 
not increase the efficiency of the treat- 
ment system 
5. Maintenance 
ally 


materi- 
reduced after operating experi- 
ence was obtained. 

6. The cost of treating the acid 
waste was $0.17 per 1,000 gal. 

7. The use of a high grade poultry 
limestone eliminated operational diffi- 
culties, and justified the extra cost. 
Industrial waste may be treated with 
“‘ehicken feed,’’ but certainly the cost 
isn’t so. 


costs were 
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TREATMENT OF ANODIZING WASTES BY ION 
EXCHANGE * 


By Lacern M, Corcoran 


Water and Waste Engineer, Aircraft Gas Turbine Division, General Electric Company, 
Evendale, Ohio 


The Aircraft Gas Turbine Division 
of the General Electric Company 
manufactures jet engines at Even- 
dale, Ohio for the U. 8. Air Force. 
The Evendale facilities are served by 
the Cincinnati Metropolitan Sewage 
Disposal System and must comply 
with its rules and regulations. 

Principle waste problem at the 
A.G.T. Division facilities is the treat- 
ment of chromic acid waste from the 
anodizing of aluminum parts. The 
Cincinnati Metropolitan Sewage Dis- 
posal System has set the limit for the 
pli of liquids discharged to the sewer 
system at 5.5 to 9.5 and the chromium 
content at 5 p.p.m. as hexavalent 
chromium. 

The wastes consist of rinse waters 
having a chromium content greater 
than the code limit of 5 p.p.m. of 
hexavalent chromium, and the anodiz- 
ing bath has a concentration of 7 oz. 
of chromic acid per gallon. The re- 
cent development of stable ion ex- 
change resins capable of withstanding 
attack by the more dilute solutions of 
chromic acid, has provided a profitable 
means of purification of contaminated 
anodizing baths and chromium recov- 
ery from the rinse waters. 

The rinse water and the spent bath 
can be treated by two methods: 


1. Chemical reaction which reduces 
the hexavalent chromium to the tri- 
valent form, then neutralizing to an 
acceptable pH. 


* Presented at 1955 Annual Meeting, Ohio 
Sewage and Industrial Wastes Conf.; Co 
umbus, Ohio; June 22-24, 1955. 


2. The ion exchange method of re 
moving the aluminum from the spent 
bath and the recovery of chromic acid 
from the rinse waters. 


When the anodizing bath becomes 
contaminated with approximately 10 
g. per liter of aluminum oxide, the 
high electrical resistance caused by 
this impurity makes it necessary to 
change the bath. The contaminated 
solution must then either be treated 
or wasted, 


Treatment Methods 
Chemical Method 


The chemical method consists of 
treating the spent anodizing bath with 
ferrous sulfate, sodium meta-bisulfite, 
or sulfur dioxide. The use of ferrous 
sulfate, sodium meta-bisulfite, or sul- 
fur dioxide requires that the reduc- 
tion be carried out at a pH of 3. 
Additional sulfuric acid is needed to 
keep the pIl in this range; therefore, 
more alkali is needed to precipitate 
the trivalent chrome in bringing the 
pH to 8.5. Sulfur dioxide appears to 
be the best reducing agent as the re- 
duction goes to completion at a slightly 
higher pH. In addition, it is easier to 
handle cylinders of sulfur dioxide gas 
than dry chemicals. 

At a pH of 3, the reaction goes to 
completion with a slight lowering of 
the pH, and will reduce the hexavalent 
chrome. The theoretical amount of 
sulfur dioxide required is 184.5 Ib. 
per 100 lb. of hexavalent chrome pres 
ent. At full production it is estimated 
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that the bath may be contaminated in 


month treatment of 


10,000 gal. of anodizing solution 


The 


20 p.p.m. of hexavalent chromium are 


one requiring 


rinse waters containing 10 to 


treated to meet the city of Cincinnati 
code requirements of 5 p.p.m. as hexa 
chrome. It is estimated the 
the chrome in 


will be 


valent 
cost to 


waters 


treat the rinse 
approximately $2,000 
and that approximately $2,250 worth 
of chromie acid will be lost. This is an 
approximation because the number of 
through the bath 


from day to day 


parts varies 


going 


lon Exchange Method 


this 
problem is the ion exchange method 


A more economical solution to 
of purification and recovery (Figure 
1). The 
lution is passed 
where the 
and the treated solution is 
returned to the tank. The bath is 
held at a pH of 0.8 and 0.283 g. of 
aluminum is deposited in the bath per 


contaminated anodizing so 


through a cation ex 


changer metallic ions are 


removed 


ampere hour. As the aluminum parts 


are anodized and aluminum is 


deposited in the bath, the pH rises 
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The normal practice is to add addi- 
tional quantities of acid to 
hold the pH at 0.8 bath must 
either be recovered 
when the additions equal 10 per cent 
of the total weight of the 
bath. 

A small portion of the 10,000 gal. 
bath is treated each day to keep the 
pH at the operating level of 0.8. In 
this way the entire 
not have to be 


chromic 
The 


disposed of or 


original 


tank contents do 
discharged and only 
a small amount of 


make up solution 


is necessary. The resin is regenerated 
by a 10 per cent solution of 66° Be’ 
sulfuric which removes the 
Thus 


all the chromic acid is saved to be re- 


acid, 
aluminum and restores the resin. 


used at the expense of the relatively 
cheap sulfuric acid 

The exchanger or 
purifier is 48-in 


cation chrome 
in diameter and 8&4 


The 


of a 


in. high, and lined with koroseal. 
4() eu, ft. 


styrene base resin, especially resistant 


unit is charged with 
to the oxidizing effect of chromie acid. 
The resin bed is supported on a bed 
of graded quartz. The transfer pump 
is a Duriron centrifugal pump deliv- 


ering 40 g.p.m. at a 20 ft. head driven 


FIGURE 1,—Anodizing equipment (left) and compact ion exchange waste 
treatment unit (right). 
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by al h.p. motor. The steel tank for 
making up the fresh 10 per cent sul- 
furie acid is 5-ft. in diameter and 5-ft. 
high lined with neoprene. The acid 
recovery tank has the same dimensions 
and lining. On the outlet from the 
unit there is a conductivity instru- 
ment to indicate the point when 
aluminum is no longer removed by the 
ion exchange unit. 


Rinse Water System 


The rinse waters flow to a 5-ft. x 5- 
ft. x 4-ft. steel collecting tank contain- 
ing a pH cell connected to a pH 
indicating controller. The pH control- 
ler regulates the flow of sodium hy- 
droxide pumped through the unit. A 
two to three per cent solution of 
sodium chromate is eluted and pumped 
through the chromium purifier, where 
it is converted to pure chromic acid 
to be returned to the anodizing tank. 

The anion exchanger for absorbing 
the chromic acid is 36-in. in diameter 
and 96-in. high and is charged with 
24 cu. ft. of a strong base anion resin 
supported on a graded quartz bed. 
The system has sampling cocks and 
rotameter to show flow rates. The 
regenerant solution is mixed in a 30- 
in. diameter by 30-in. high steel tank 
and the sodium chromate is collected 
in a 4-ft. x 4-ft. x 31%-ft. steel tank. 
The cation exchanger for removal of 
the sodium ions is 36-in. in diameter 
and S4-in. high and neoprene lined. 
It is filled with 20 en. ft. of a 
carboxylic type resin, and provided 


with sampling cocks, flow meters, and 
a conductivity meter to measure the 
purity of the water, which will be 
equivalent to distilled water. 
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Summary 


In comparing the two methods of 
handling the chromic acid anodizing 
solution, the ion exchange method is 
the more feasible. The value of 
chromic acid and rinse water saved 
is $18,762 per year (Table 1) and 
the operating costs total as follows: 


TABLE I.— Savings With the Ion Exchange 


Method 
Item Savings 
| 
Chromic acid bath! $15,732 
Rinse water chromic acid 2,250 
Rinse water 780 
Total $18,762 


' Based on estimate that bath will become 
contaminated in one month 


Operating costs total as follows: 


Regeneration chemicals #3005 
Replacement of exchange resins 2,333 
Total costs we 5,550 


All the chromie acid in the bath and 
rinse water is lost in the reduction 
and neutralization method. In addi 
tion, approximately $9,100 is spent for 
chemicals used in the treatment, mak 
ing a total annual cost of $27,862. 

Estimated installation costs for the 
ion exchanger were $35,000 and for 
the reduction neutralization process 
costs ranged from $25,000 to $35,000. 
Labor costs were omitted because the 
same amount of labor would be re 
quired for each system 

By the use of the ion exchange 
method the waste problem from the 
chromic acid anodizing bath was elimi 
nated with a saving of approximately 
£22 000 
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Stream Pollution 


EFFECT OF SEWAGE-BORNE PHOSPHORUS ON 
ALGAE * 


By Joun J. Curry anv 8. L. WILSON 


Respectively, Chief Engineer, Connecticut 


State 


Water Commission, Hartford, Conn., and 


Biologist, Connecticut Agricultural Experiment Station, New Haven, Conn. 


When Lake Zoar was first formed 
by Stevenson Dam on the Housatonic 
River in Connecticut there was no 
algae problem. However, as the years 
passed algae in the lake increased and 
by 1947 they were so plentiful that 
a serious nuisance was created for the 
property owners around the lake. At 
the time it was thought the most of- 
fensive part of the problem was the 
aquatic weeds and some efforts were 
most suitable 
control In 1949, the 
Valley Clean Waters 


requested the Connecti 


made to determine the 
method of 
Housatonic 
League, Ine., 
make 
The problem 
was referred to an ad hoc committee 


cut state government to some 


studies of the problem. 
comprising the agricultural experi 
ment station, the water commission, the 
fish department and the 
health department, ali of the state of 
Connecticut 


and game 


Although no funds were specifically 
Connecticut Agricul 
Station, 


conducted a 


available, the 


tural Experiment being a 


research agency genera! 
study of the problem with the support 


Pre 


liminary conclusions and recommenda 


of the other interested agencies, 


tions for continued study were pre 
sented in a report by Mr. R. L. Holmes 
Work was continued by Dr. Richard 

* Presented at the 1954 
New England Sewage and 
Fairfield 


Annual Meeting, 
Industrial Wastes 
Conn.; Oct. 28, 1954 


Benoit and in July, 1954, a research 
study was authorized. 


Physical Aspects 


Lake Zoar was formed behind a run 
of-the-river hydroelectric plant built 
by the Connecticut Light and Power 
Company in 1919 and the drainage 
area of the Housatonic River at this 
point is about 1545 sq. mi 
pany operates a pump storage 
facility at Lake Candlewood.  Al- 
though Lake Candlewood is not on the 
Housatonic River proper, the water 
in the lake is Housatonic River water 
pumped to it for storage (Figure 1). 

sefore entering Connecticut the 
River flows through the 

of Massachusetts where 
its waters are used extensively by in- 
dustries in the Pittsfield region. The 
processes of nature almost completely 
eliminate any pollution in the water 
by the time it reaches the Connecticut 
state line. As it flows through Con- 
necticut the river receives little pol- 
lution before it reaches New Milford. 
It is an esthetically satisfactory stream 
and extensively used for fishing and 
recreation. However, there are two 
aspects of the water quality which are 
unusual for streams in this area. Flow- 
ing through limestone formations, the 
water is hard (75 p.p.m.) compared 
with other state. 
Total solids average about 170 p.p.m., 
whereas other esthetically acceptable 
waters in the state average 65 p.p.m 


This com- 


also 


Housatonic 


western end 


streams the 
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Limnology 


Below Boardman Bridge the qual- 
ity of the Housatonic River is 
changed materially. The major fac- 
tors causing this change are: (a) 
raw sewage pollution from the Town 
of New Milford, of approximately 
200,000 gal. per day; (b) the tribu- 
tary Still River, which carries a large 
quantity of organic industrial wastes 
from the hat manufacturing industries 
in Danbury and Bethel, in addition 
to the trickling filter effluent of the 
Danbury sewage treatment plant; and 
(c) the Shepaug, the Pomperaug and 
Pootatuck Rivers which are relatively 
large-sized tributaries carrying no se- 
rious pollution, The Connecticut State 
Health Department has eliminated 
practically all the pollution from de- 
velopment adjacent to Lake Zoar. 
The lake volume is estimated to be 
42.800 acre-ft. and the average flow 
of the Housatonic River at Lake Zoar 
is approximately 2,500 e.f.s., indicat- 
ing that the lake waters are com- 
pletely replaced every 9 days. Dur- 
ing the algae season the low monthly 
flow (550 ¢.f.s.) of August and Sep- 
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tember results in a replacement of 
the lake volume every 40 days. How- 
ever, power production causes great 
fluctuations in the rate of flow. 

The preliminary investigation showed 
that during late July, as_ the 
seasonal reduction of river flow be- 
comes apparent, it might be possible 
for stratification to develop. However, 
more detailed studies revealed that 
the stratification was transient and did 
not exist to an extent that would 
affect the problem. 


Types of Algal Bloom 


Although original complaints had 
specified rooted aquatie weeds as the 
cause of the disagreeable condition, 
algal blooms were an equally objec 
tionable part of the problem. Small 
mats of floating algae were first ob 
served the last of May or early June 
These mats were sparsely distributed 
and composed of Oseillatoria and 
Spirogyra encrusted with diatoms 
This small population was gradually 
replaced by Hydrodictyon until by the 
middle of July this form was exceed 
ingly prodigious, almost completely re 
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FIGURE 1.—Watershed of the Houstonic River and Lake Zoar. 
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FIGURE 2.—Predominating species present in an algal bloom on Lake Zoar; 
(A) Microcystis aeruginosa, (B) Anabaena, Sp., (C) Anabaena circinalis. 


placing the small former population 
By mid-July I/ydrodictyon was found 
all 


quiet waters where it was intimately 


in great quantities in the shallow, 


associated with aquatic weeds such as 
KRlode a, 


mats 


Large 


move from place to place during 


and Ceratophyllum., 


changes of flow and early in the sea- 


on large quantities of Microcystis and 


{nabaena (Figure 2) appear, usually 


in the upper four feet of lake water. 


Corrective Measures 


The first and most direct approach 
of 


algal blooms would 
addition of algicides such 
sulfate to the Under 


the foregoing conditions copper sulfate 


to alleviation 
be the 


cOppe r 


as 


water. 


treatment would have to be applied to 
the total flow of the Housatonic River, 
and It 
treatment 


doses maintained 
that a_ single 
over $15,000 


fairly 


toxic was 
caleulated 
would cost Since Lake 
Zoar is fishing 
continuous dosing with copper sulfate 
depreciate its 
During long periods of time, 


wood site. 


would undoubtedly 


value 


the 
the 


in 
on 


to accumulate 
effects 
organisms on which fish feed. 


copper tends 


mud and has 
conducted 


fungicides, 


Laboratory experiments 
the effect of 
dyes and quarternary ammonium com 


on organic 
pounds on algal growth, showed some 
Even though they 
per unit than 
concentrations 


practical promise. 


were more expensive 
sulfate, the 
necessary for control were of a much 


of 


same 


copper 


these or- 
order 


lower magnitude. Some 
have the 
of toxicity to fish as copper sulfate, 
but they tend to be metabolized rap 
the bottom muds rather than 
accumulating. It is possible that these 


ganic algicides 


idly in 
algicides could be effectively applied 
by spraying from a boat, thereby re 
A cove 
in Lake Zoar was enclosed by string 


ducing the quantity necessary. 


ing a log boom across its entrance, 


and experimental applications of algi- 
cides were made with 
If kill was made by 
the concentration applied it was ob 
scured by the invasion of new algae. 


inconclusive re 


sults an algae 


| 
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TABLE I.--Concentrations of Phosphorus in 


Lake Zoar 

Sample Date Flow PO. PO. 
1950-51 (p.p.b.) (Ib. /day) 
Sept. 2 37% 33 66 
Oct. 2 462 15 25 
April 27 3,670 30 54 
May 7 1,880 41 416 
June 4 1,270 26 178 
June 26 1,100 22 131 
July 3 1,060 25 143 
July 13 1,250 31 200 
July 18 809 12 Hy 
July 23 2,300 18 224 
July 30 O87 22 117 
Aug. 10 312 28 47 
Average 1,289 25 183 


Experiments are being continued in 
the field on the application of various 
chemicals to both aquatie plants and 
algae. 


Phosphate Aspects 


Repeated tests indicated the level 
of nitrates and phosphates in Lake 
Zoar was similar to that noted in other 
lakes at the time of blooming. Numer- 
ous samples of the lake water have 
indicated that, with the materials pres- 
ent in the water in the dissolved state 
and with the fertilizing effect of the 
high concentrations of phosphorus and 
nitrogen, a bloom could be expected 
to be persistent. Phosphorus concen- 
trations varied from 12 to 41 p.p.b. 
and averaged about 25 p.p.b. (Table 
I}. Some members of the Cyanophyta 
(the blue-green algae) group can sup- 
ply their own nitrate by fixation of 
atmospheric nitrogen Phosphates, 
however, must be supplied from the 
water environment. 

The volume of phosphates entering 
the streams in Connecticut from sew- 
age outlets has reflected the increase 
noted with the increased use of syn- 
thetic detergents. Most of the sewage 
that is discharged to the Housatonic 
River in this region is given a high 
degree of treatment. This treatment 


oxidizes the organie phosphates to the 
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mineral form available as fertilizer 
for the aquatic plants. 

In the preliminary investigation, the 
bulk of the phosphates being fed into 
Lake Zoar came from the Still River 
and the Pootatuek River and the 
report recommended further investi- 
gation The results of soluble phos- 
phate determinations are shown in 
Table Il. The values from the analy 
sis and computation check well in view 
of the fact that many more individual 
samples were averaged for main stream 
values than for tributary values. Con 
tributions of the Still River to the 
total phosphates available in Lake 
Zoar account for about 40 per cent 
of the total phosphates. If this source 
were eliminated the phosphate concen 
tration in Lake Zoar would be re 
duced to 15 p.p.b. The eritical con 
centration of phosphates for blue- 
green algae growth is believed to be 
10 p.p.b. A reduction in phosphate 
should have an important effeet on 
the algae bloom 

Lake Candlewood is filled with wa 
ter taken from the Housatonic River 
immediately below Boardman Bridge 
The soluble phosphorus content of the 
Housatonic River at this point during 
periods of high water is probably less 
than 33 p.p.b. However, Lake Candle 
wood produces no algal bloom of any 
consequence Determinations made 
during the algae season indicate phos 
phorus concentrations of only S p.p b 
It has been suggested that the phos 


TABLE II.--Sources of Phosphorus 
Contributary to Lake Zoar 


Analyses Curnula 
Loration Ih. ‘day 
Ib. ‘da 
Housatonic River at Koardman 
ridge 
Sewage from New Milford “ 
New Milford industrial waste 
Still Ri 77 
Hlousatonic River at Rt. 133 242 im + 
Shepaug River 2 
i utonic River al » Pootatuck 167 + 
Pootatuck River 1 
Pomperaug River 
Housatonic River at Lake Zoar 184 2014 
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phate is utilized early in the season 
by diatoms which die and sink to the 
bottom, removing phosphate from sur 
face waters before the algae season. 
Since little additional water is pumped 
Lake during the 
summer the supply of nutrient is not 
renewed as it is in Lake Zoar. 


into Candlewood 


Changing Conditions 


During the past three years pollu 
tion control agencies have taken action 
which may affect the problem in the 
future. The city of Danbury is en 
larging and renovating its secondary 
sewage treatment plant so the quanti 
ties of sewage by passed to the Still 
River will be materially reduced. Six 
industries which discharge 
from hat manufacturing di- 
rectly to the Still River are construct 


organic 


wastes 


ing screens and settling basins which 
will keep much organic matter from 
The town of New 
two state institutions in 
planning or con 
treatment facilities 

Construction of the Shepaug Dam 
by the Light and 
Company will require a 
of the 
Milford 


seware 


entering the stream. 
Milford 


the watershed are 


and 


structing sewage 


Connecticut Power 
reassessment 
New 
As previously noted, minor 
Lake Zoar 


these ae 


industrial discharge at 
discharges around 
eliminated. All 
tions will reduce the levels of organic 
discharged into the 
tributaries feeding Lake Zoar. As a 
efficient 
organic phosphorus is oxidized and dis 
into the 
organic form 


have been 


substances 


now 


result of sewage treatment, 


charged streams in its in 


Phosphorus Removal 


The removal of soluble phosphates 
sewage treatment plant effluents 
through the 
to be 


from 
use of alum and lime is 
studied in a pilot plant con 
structed with a special legislative ap 
propriation. It is hoped that algae 
controlled by reducing the 
phosphorus in the water 


can be 
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Preliminary studies have been made 
on the removal of soluble phosphate 
from sewage treatment plant effluents 
having a phosphorus content of 3.61 
to 4.62 p.p.m. The treatment was in 
batches of 4,000 gal. with a mixing 
time of 10 min. and a settling time of 
two hours. No attempt was made to 
control the pH in these preliminary 
runs. Using 200 p.p.m. alum, 96.7 
per cent of the phosphates have been 
removed. 

Detailed experiments are planned 
in 1955 to show the effects of remov- 
ing phosphates from a_ well-treated 
trickling filter effluent. The experi 
mental lagoons have been filled and an 
attempt has been made to produce an 
algae bloom by inoculating one lagoon 
with Hydrodictyon. 
The lagoons will be operated so that 
seasonal growths will parallel 
those occurring in Lake Zoar. 

Each lagoon is 400-ft. long by 100- 
ft. wide (approximately one acre) with 
a depth of 4.5 ft. to 8.0 ft. The meas- 
ured flow of effluent from a secondary 
sewage treatment plant can be directed 
into either or both lagoons; or first 
treated to remove phosphate and then 
The efflu- 
ent is treated for phosphate removal 
in duplicate fill-and-draw tanks of 
5,000-gal. capacity each. On a 24-hr. 
schedule 50,000 g.p.d. can be treated, 
assuming that concentrations will not 


Microcystis and 


algae 


directed into either lagoon. 


be reduced below 8 p.p.b. in the la- 
For the critical values the efflu 
ent would be diluted with the required 


goon. 


Consider 
50.000 
time 


quantity of surface water. 
dilution and 

effluent, flow 
through the lagoons would be almost 
10 days 
ditions existing in 


ing required 
g.p.d. of treated 
Therefore, the range of con 
Lake Zoar should 
be fairly well simulated 

bloom 
soluble 


Success in preventing algal 


formation by stripping the 
phosphorus from the water before it 
enters the lagoons remains to be fully 


evaluated 
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RELATION OF PHOSPHORUS CONTENT TO ALGAE 
BLOOMS * 


By Ricwarp J. Benoit 


Assistant Curator of Limnology, The Academy of Natural Sciences of Philadelphia, 
Philadelphia, Pa. 


The problem of algae blooms is con- 
sidered by the biologist in terms of 
the productivity of the water basin in 
question. Productivity merely means 
the number of algal cells produced in 
a unit time in each unit of volume or 
surface area of water. There can be 
little hope of controlling the physical 
factors which influence productivity, 
such as temperature and light inten- 
sity. The other factors relating to 
productivity are the dissolved chemi- 
cals essential to algal growth; such as 
carbon dioxide, nitrates and phos- 
phates. 

A comparison of lakes that bloom 
with those which do not reveals the 
fact that blooming lakes are more 
highly mineralized. What is it, from 
the standpoint of productivity that 
limits algal growth in some rather 
highly mineralized lakes? <A simple 
clue comes from agriculture; phos- 
phorus is the most common chemical 
limiting factor in soils. If a jar of 
clear lake water is brought into the 
laboratory and kept in the light, little 
algal growth will oceur unless a small 
quantity of a phosphate is added. If 
nitrate is added also the growth is usu 
ally more prolific. 

Lakes and rivers that are not simply 
sewers contain from 0 to 100 p.p.b 
of phosphorus. Juday and Birge (1) 
give a mean of 23 p.p.b. total phos 
phorus for 479 lakes of northeastern 
Wisconsin. Hutchinson (2) found a 
mean of 21 p.p.b. for 23 analyses of 

* Presented at 1954 Annual Meeting, New 
England Sewage and Industrial Wastes 
Assn.; Fairfield, Conn.; Oct. 28, 1954. 


the surface water of Linsley Pond, 
North Branford, Conn. Of course no 
phosphorus merely means an amount 
below the limit of sensitivity of the 
analytical method employed. Fortu 
nately, a sensitive colorimetric method 
for phosphate is in common use and 
in many laboratories a zero phos 
phorus content means less than 1 or 
2 p.p.b. 

From the waste disposal standpoint 
the question immediately arises: how 
much phosphate can be added to a 
given lake or stream before algae 
Unfortu 
nately there is no simple answer to 
this question even in specific cases 
Another way of putting the question 
is: what is the eritical concentration 
of phosphate below which algae blooms 
are not observed? There is no simple 
answer to this question, 


blooms become imminent? 


The alert waste disposal specialist 
might well ask why there are no sim 
ple answers to these apparently simply 
questions One reason is that the 
rather voluminous data relevant to the 
problem are inadequate because only 
the concentration of orthophosphate in 
solution is given In most cases a 
filtered water sample is run through 
the analytical procedure and its color 
compared with prepared phosphate 
standards. The molybdate reagent for 
determining phosphate reacts only 
with the orthophosphate in solution 

This simple analytical procedure 
would be completely satisfactory if 
solution 
were suitable for supporting algal 
growth. Field observations have re 


only orthophosphate — in 
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algal growth 
orthophosphate concentra- 


peatedly shown good 
where the 
tion of the water was either zero or 
very low It is true that there is 
usually a high phosphate content in 
showing blooms. In 
studies using synthetic wa 
fers or culture media, it 
to add 
achieve good growth. 
that 

utilize 


waters intense 
laboratory 
is necessary 
considerable phosphate to 
It was reasoned 
nature algae can 
phosphorus which do 
reaction in the routine 
analysis for phosphate. 

Chu (3 that pyro 
phosphate was not as good a source of 
phosphorus as orthophosphate for the 
chrysophycean Phaco 
marine 
and 
Pyrophosphate, 
converted fairly rapidly 
to orthophosphate in 
Most 
phosphate as inositol hexaphosphate 
Chu that the 
nesium salt (phytin) of this organie 
phosphate supported the growth of 
these three algae as well as, or a little 


perhaps in 
forms of 


not give a 


demonstrated 


marine alva, 


cystis pouchetti, or for the 


diatoms NSkeletonema costatum 
Vitzschia closterium. 
however, Is 
dilute solution. 
green 


plants store a reserve of 


showed caleium-mag 


Chu also 
found that organie phosphate extracted 
with hot water from the blades of the 
marine brown alga, Laminaria (kelp), 


better than, orthophosphate 


can be utilized by Nitzschia closterium 
as effective ly as orthophosphate. Har 
that Nitzschia 
inosoto] 


vey (4 later showed 


closterium can absorb hexa 


phosphate and glycerophosphate equ 
ally as rapidly 

Dr. Luigi Provasoli of the Haskins 
Laboratory in New York in a personal 
communication indieated that for cer 
tain fresh diatoms in 


water eulture 


free of bacteria a maintenance medium 


containing phosphorus only as glycero 


phosphate is used routinely in his lab 
oratory Dr limited 


certain 


Provasoli has 


data indicating that in 


Cases 


glycerophosphate is about ten times 


more effective in 


diatom 


Most 


nuisance blooms are blue green alyvae 


supporting 


vrowth than orthophosphate 
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for which no such data are apparently 
available, but the fact that blue-green 
algae in nature grow best in waters 
with high organic matter suggests that 
these forms do grow by utilizing or- 
ganic phosphate. 

There is no shortage of organic 
phosphate in natural waters, in fact, 
Hutchinson (2) calculated from the 
data of Juday and Birge (1) that as 
high as 60 per cent of the total phos- 
phate in some lakes may be in the 
organic form. It becomes increasingly 
clear, in discussing the phosphate con- 
tent of natural waters. that considera- 
tion must be to the different 
which phosphorus exists in 
natural waters 


given 
forms in 
These different forms 
are perhaps best deseribed in terms of 
how they are determined analytically, 
Total phosphorus is determined by di- 
unfiltered 
or nitrie acid 
the phosphate 
usual 


gesting or wet ashing an 
sample with perchloric 
and then determining 
content by the 


method 


molybdate 
If a filtered sample is di- 
gested and the sample analyzed for 
phosphate, the total soluble phosphate 
is determined, Soluble orthophosphate 
is determined on a filtered undigested 
The difference between total 
phosphate and the 
orthophosphate is the 


sample 
soluble soluble 
soluble organic 
is in the 
strict sense a misnomer since the frae- 


fraction although this term 


tion also ineludes metaphosphates, 
Pyrophosphates and other complex in 
These complex 


phosphates, which are used in modern 


organic phosphates, 


detergent products, may also be suit- 


able in unmodified form for support- 
ing algal growth. 

The difference between total phos 
phorus and total soluble phosphate is 
This 


immediately 


termed particulate phosphate 
form of phosphate is not 
suitable for algal metabolism but all 


phosphate is potentially available 


when released into solution by the 


activity of bacteria 
what 


Th is is precisely 


happens to the phosphate in 
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unsettled solids from secondary sew- 
age treatment processes, 

Another distinction that must _ be 
made before answers to the previous 
questions can be reasonably given is 
the distinction between the momen- 
tary concentration and the rate of 
turnover of soluble phosphate. Dur- 
ing an algae bloom the momentary 
concentration of soluble phosphate may 
be low, but the total phosphorus will 
be high of necessity because of the 
high concentration of algal cells in 
the water. If phosphate is utilized 
by the growing and dividing cells as 
fast as it is introduced into the lake 
basin from tributaries and as fast as 
it is released from dead cells, the 
momentary concentration of soluble 
phosphate will remain low but the 
rate of turnover between bound and 
soluble phosphate and back to particu- 
late phosphate can be high. Low 
momentary concentration and high 
turnover of soluble phosphate consti- 
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tute the essence of what occurs during 
an algae bloom, 

The algal utilization of organic 
phosphate and the possibility of a 
high rate of turnover during a time 
of low momentary concentration of 
soluble phosphate point out the neces- 
sity for determining all forms of phos 
phorus in routine analysis. 
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STREAM BIOTA AND STREAM POLLUTION 


By Cuartes B. Wurtz 


Consulting 


The interpretation of stream condi 
tions based on the population of plants 
the stream been 
than 50 This 
interpretation is based on an analysis 


and animals in has 


used for more years. 


of the organisms present. Some species 


are known to be tolerant to varying 
degrees of pollution, while others are 
Earlier 
recognized that when polluted 


conditions prevailed in a stream, and 


recognized as non-tolerant. 


workers 


the non-tolerant species were killed or 
the 
creased their populations enormously 


driven out, tolerant species in 
These tolerant species were then con 
How 
ever, the presence of tolerant species 


few 


sidered indicators of pollution. 


in moderate or numbers cannot 
be considered as an indication of pol 
lution. ‘These species are a compon 
ent part of every diverse stream popu 
lation 
flect 


of non-tolerant species is of far greater 


Populations, not species, re 
stream conditions. The absence 
significance than the presence of tol 
erant species, 


Stream Classification 


Kolkwitz and Marsson (1) proposed 
a Classification of streams based on the 
This 


has 


organisms found to be present 


concept of stream classification 
been developed further by subsequent 
workers The 
method presented 
cally by Bartsch 
A modified 


is pre sented in 


most satisfactory 


was diagrammati 
Churchill (2) 
their method 
Figure 1. The 
feature of this method of 
stream classification is the recognition 


and 

diagram of 
most 
important 


intermediate conditions be 
and polluted 
These are the zone of degradation and 


of two 


tween clean waters 


Biologist, 


Philadelphia, Pa 


the zone of This classifica- 


tory 


recovery. 

arrangement 
+) 5 he 

have 


is now commonly 
Other classificatory 
not taken into consid- 
eration the two kinds of intermediate 
zones between the clean and polluted 
In Figure 1 a functional classi- 
fication of pollutants is presented, and 
the pollution zone would be classified 
according to these three basic types 
of pollutants. 

As every 
the 


stream to 


used | 3) 


scheme 


ZOnEeS, 


individualistic 


zone varies from 
Seasonal changes, 


stream is 
each 
stream. 


extent of 


differences in volume, type or inten- 
the pollutant, differences in 
the size of the stream, ete., all influ 
the extent, absence 
of the various zones. In lakes that 
receive a pollutant the zones may oc- 
concentric emanating 
from the point of entry of the pol 
lutant. In large (or with 
small volume effluents) the zones may 


sity of 


ence presence or 


r 
rings 


cur 


streams 


CLEAN ZONE 


A ORGANIC POLLUTANT 
EFFLUENT @ TOXIC POLLUTANT 
C PHYSICAL POLLUTANT 


YNEGRADATION ZONE 


A SEPTIC POLLUTION 
POLLUTED ZONE Toxic POLLUTION 
C PHYSICAL POLLUTION 


RECOVERY ZONE 


CLEAN ZONE 


L 


FIGURE 1.—Diagrammatic section of 


a stream 
pollutant. 


affected by the entry of a 
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occur on only one side of the stream. 
In many cases a pollutant does not 
cause a pollution zone; t.e., a mild 
pollutant may depress the stream 
biota to cause a degradation zone, but 
this may pass directly into a recoy- 
ery zone. 


Methods 


In a comprehensive study of the 
Conestoga Creek, Lancaster County, 
Pennsylvania, by the Academy of 
Natural Sciences of Philadelphia in 
1948, a great deal of data on the biota 
were accumulated from the various 
streams of that drainage basin. In 
the report (6) submitted on that sur- 
vey the data were presented graphi- 
cally as a series of histograms. The 
method used for the construction of 
these histograms was subsequently pub- 
lished (7)(8)(9). The méthod was 
also applied to the Red Clay Creek by 
Kaplovsky and Harmie (10). 

In this method each histogram in- 
cluded seven columns on the basis that 
the members of certain groups re- 
sponded similarly to a given environ- 
ment. Accordingly, the first two col- 
umns included pollution tolerant or- 
ganisms while the remaining five 
columns were simply arranged in a 
phylogenetic sequence. No reeogni- 
tion was given to pollution tolerant 
species that belonged to the insects, 
fish, or other phylogenetic groups not 
recognized in the first two columns. 
Furthermore, no recognition was made 
of the diversity of life-forms found 
within any one group (adult beetles 
vs. larval beetles). In interpreting 
the histograms reference was made to 
the relative height of each column in 
relation to a 100 per cent line. This 
line represented the average population 
level of 9 healthy stations in the Con- 
estoga Basin. Although this was a 
useful device, and justified within the 
limits of the study, the same ‘‘aver- 


*The author was a staff member of the 
Academy and participated in the survey and 
the preparation of the report. 
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age’’ obviously cannot be used in 
studying other streams. 

If any column of a histogram is in 
tended to reflect a degree of tolerance, 
then all the columns should do so 
Moreover, to present all the columns 
as simply phylogenetic groups does 
not permit a proper analysis of the 
population present relation to 
stream conditions. Both these objec- 
tions are overcome by the following 
method. 


Basic Life-Forms 


The method presented here for 
streams and rivers includes four col- 
umns in each histogram. Each column 
includes all the organisms which share 
a basic life-form. Biologically all free 
living organisms can be reduced to 
five basic life-forms. These are: 


1. The burrowing organisms, which 
include all organisms that bury them 
selves in any substrate. 

2. The sessile organisms, which in 
clude all organisms that are fixed to 
the surface of a substrate, as well as 
small animals of very limited motility, 
such as the hydras. 

3. The foraging organisms, which 
include all organisms that actively 
browse on the bottom organisms, but 
which are rarely free swimming. 

4. The pelagic organisms, which in 
clude active, free-swimming organi 
isms. 

5. The plankton organisms, which 
include all organisms of limited mo 
tility which depend upon water cur 
rents for transportation. Usually mi 
nute, true plankters are not found in 
running waters, and are not discussed 
further. In a lake or estuarine habi 
tat they would be included as a fifth 
column in the histograms of the 
method presented here 


In the studies leading to this work 
it was found that certain groups of 
organisms did not yield information 
of enough value to justify their in 
clusion in a biological stream survey 
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FIGURE 2.—Stream conditions at five stations along Hammer Creek, Lancaster County, 
Pa., Sept., 1948. 


These 


which are often represented by a great 


were the microscopic animals 
many species in a particular habitat 


All of these animals have that peculiar 


faculty, common to microscopic spe 


cies, Which enables them to form tre 
mendous populations in short periods 
Further, 
they can disappear from the faunal 


of time, measurable in hours 


complex just as quickly Because of 
this abbreviated life history they are 
not, at the species level, a stable ele 
ment in the faunal composition. 

wide 
fluctuation in the species diversity of 
such result of this 
animals, 
non-tri 


Repetitive surveys show a 
organisms as a 
Therefore these 


include the 


instability 


which protozoa, 
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clad turbellaria, aschelminthes, and 
entomostracan crustacea, have been de- 
leted from the data forming the basis 
of the examples that follow. Other 
organisms (sponges, bryozoans, hy- 
droids, naid worms, and arachnoids) 
not incorporated in the histograms of 
the Conestoga Basin report are in- 
cluded here. Though not included 
originally, because of their sporadic 
occurrence, they do contribute to the 
faunal picture. 

Figures 2 through 4 illustrate the 
proposed method of presenting data on 
the biota of a stream. In these figures 
each station is represented by a histo- 
gram of four columns projected above 
and below a baseline. That portion 
of the column above the baseline rep- 
resents the non-tolerant organisms, 
while the part below the baseline rep- 
resents the tolerant organisms. The 
columns are plotted as a frequency 
index in which the total number of 
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species found at any station repre- 
sents a frequency of 100 per cent for 
that station. Thus the contained area 
in all the columns of any one histo- 
gram equals 100 per cent. The abso- 
lute number of species found that 
contribute to the non-tolerant and tol- 
erant groups is presented above and 
below each column, respectively. The 
four columns of each histogram are 
indicated (from left to right) as B 
(burrowing organisms), S (sessile or- 
ganisms), IF (foraging organisms), 
and P (pelagie organisms). In addi- 
tion to the histograms, each figure 
includes a map showing the location 
of each station and the date it was 
surveyed. 


Interpretation 


Since the data are expressed as a 
frequency index it is apparent that 
they represent a continuous variate, 
Therefore the interpretation of the 


BSFP 6S FP B SFP 
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FIGURE 3.—Stream conditions at nine stations along Lititz Run (stations C-1 to C-6) 
and Conestoga Creek (stations C-7 to C-9), Lancaster County, Pa., Aug.—Sept., 1948. 
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FIGURE 4.—Stream conditions at eight stations along Little Muddy Creek, Lancaster 


County, Pa., Aug.-Sept., 1948. 


Station A-1 reflects conditions in an industrial effluent 


entering the stream between stations M-2 and M-3. 


the 
variables. 


stream condition is derived from 


relationship between two 


These are the relative proportion of 
non-tolerant 


to tolerant species, and 
the structure of the population as pre- 
sented by the four columns of each 
histogram As with all continuous 
borderline exist. In 
the interpretation of stream conditions 


variates, CASES 
it is of the utmost importance to ree 
ognize environmental that 
function independently of possible pol- 
lution. The interpreter should have 
hand knowledge of the 
and must have comprehensive descrip 


influences 


first stream ; 
tive notes of the station concerned 
In general, the stream may be con 
sidered as a clean-water stream when 
the non-tolerant species represent more 
than 50 per cent of the population. If 
the 
helow 


non-tolerant 
this 


species drop much 


level there is cause for 


concern as regards stream conditions. 
The factor that causes this depression 
can be interpreted as pollution. 

The relative proportion of the popu 
lation composing each column of life 
forms would be, for the normal, clean 
water approximately 5 per 
cent, 40 per cent, 45 per cent and 10 
per cent, respectively. However, this 
modified by environ 
mental conditions as well as by the 
effects of pollution. Nevertheless, the 
proper interpretation of the relative 
species diversity in each column is the 
sensitive method of evaluating 
stream 


station, 


Is considerably 


most 
conditions 
Unless differences exist be 


tween the total number of species of 


Toss 


any one station compared to any other 
station of a stream, this feature can 
not be used for the interpretation of 
pollution It may, 


however, be con 
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sidered as supporting evidence for the 
conclusions drawn as regards any par- 
ticular station. The clean stations 
studied ranged from 53 species to 115 
species in total species diversity. This 
difference was chiefly a function of 
stream size. The polluted stations 
studied ranged from 3 to 46 species. 
This difference was a function of both 
stream size and severity of pollution. 
The range of species diversity of both 
clean and polluted stations was widely 
overlapped by the range of species di 
versity of the recovery and degrada- 
tion zones. These latter, intermediate 
conditions ranged in total species di 
versity from 25 to 75 species. 


Material Studied 


In the following examples from the 
Conestoga Basin three series of sta- 
tions are shown. In each 
station nearest the headwaters is shown 
to the left in the figure. 

The first series of stations is pre- 
sented in Figure 2. The five stations 
(H-1 through H—5) were distributed 
along Hammer Creek, which was a 
clean stream with some organic en- 
richment. 

Stations H-1 and H-2 have 50 per 
cent and 49 per cent non-tolerant 
species, respectively. This is the mini- 
mum for clean-water stations. This 
condition is attributed to some local 
environmental influence that was not 
recognized at the time the survey was 
made 

Station H-2 was not adequately 
seined at the time of the survey be- 
cause of obstructions in the stream 
bed. Had adequate seine sampling 
been done the number of pelagic or- 
ganisms undoubtedly would have ap- 
proached the numbers found at sta- 
tions H-1 and H-3. 

The data used in the construction 
of the histograms are presented in 
Table I. 

The second series of stations is pre 
sented in Figure 3. Station C-1 was 
near the source of Lititz Run and here 


case the 
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TABLE I. 
Tolerant 


Distribution of Tolerant and Non- 
Species in Hammer Creek, 


Lancaster County, Pa., Aug. Sept., 1948 


Stations 
Species 


H-2 | H-3 | H-4 | HS 


Non-tol. burrowing 
No 
Per cent 
Tol. burrowing 
No 
Per cent 
Non-tol. sessile 
No 
Per cent 
Tol. sessile 
No 
Per cent 
Non-tol. foraging 
No 
Per cent 
Tol, foraging 
No 
Per cent 
Non-tol. pelagic 
No 
Per cent 
Tol. pelagic 
No 
Per cent 
Total non-tol 
No. 
Per cent 
Total tol 
No 
Per cent 
Total number 


the stream was in a degradation zone 
due to organie pollution. This con- 
dition gave way to septie pollution at 
station C-2 which prevailed through 
station C-—5, Station C-4, with a popu 
lation composed of only 11 sessile or 
ganisms (algae), was the most severely 
injured stretch of the stream. ‘The 
absence of any pelagic forms from 
stations C-2 through C-—5 is indicative 
of severe pollution. At station C-—6 the 
recovery zone and 

this station the 
entered the Conestoga Creek. 
Stations C-7 and C-—8 were large (159 
136 ft., wide respectively) and 
had a large species diversity (115 and 
102 species, respectively). 


stream entered a 


immediately below 


stream 
and 


The stream 
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At station 
Lancaster 
stream to 


at these stations was clean. 
C—9 the 


sewage 


overflow from the 


system reduced the 


a degradation zone 
The 

of the histograms are 

Table LI. 
The third 


sented in Figure 4 


data used in the construction 


presented in 


stations 1s 
Station was 
Little Muddy 


SCTLES of pre- 
above Adamstown on 
Creek and station M—S was near the 
mouth of Little Muddy Creek. In this 
series of stations along Little Muddy 


Creek one 
of the 
which was grossly 
effluent 
hat factory lt 
immediately above station 


station (A--1) was not part 
proper. This 
polluted, was the 


stream station, 


canal carrying wastes from a 


entered the stream 


TABLE Il. 
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lution 
M-3 

This gave 
at station 
a recovery zone 
through station M-—6. 


was effected here and station 
was in the zone of degradation. 
way to a pollution zone 
The was in 
from station M-—5d 
At station M-—7 


the stream was within the limits of a 


stream 


non-toler- 
relative 


clean stream (49 per cent 


ant species), but the propor- 


tions of the various columns were 


somewhat skewed. Burrowing organ- 
isms were still few in number (1 per 
cent). The high percentage (19 per 
cent) of pelagic forms (including 10 
fish) indicated a 
food 


the organic enrichment 


species of higher 


than supply resulting 


average 


from farther 


upstream. This station is considered 


Distribution of Tolerant and Non-Tolerant Species in Lititz Run and 


Conestoga Creek, Lancaster County, Pa., Aug. Sept., 1948 


Non-tol, burrowing 


No 
Per cent 
Tol, burrowing 
No 
Per cent 
Non-tol, sessile 
No 
Per cent 
lol, seasile 
No 
Per cent 
Non-tol, foraging 
No 
Per cent 
Pol. foraging 
No 
Per cent 
Non-tol pe lagic 
No 
Per cent 
lol pelagir 
No 
Per cent 
Total non-tol 
No 
Per cent 
Total tol 
No 
Per cent 
Total number 


Stations 


2 
: 
| 
“ig 
| og ca | 
Specie C4 | C5 : 
| ¢ i os | | | 
cr | | | | 
| | 9 | | | 9 
i, | 9 l 3 
| 2 | 12 | | | 
12 aa | 23 7 
| 5 | « 21 30 
li | 36 28 | | 
27 ao | 4 | 9 15 
9 7 | 21 | 33 
aes. 13 | 64 | 56 | 36 
15 
40 23 4 
| 5 | 2 
| 9 0 ) 2% 6 
0 o | oO 7 17 é 
2 0 | 0 | 
| | 9 ¢ 
~ | | 5 15 
12 15 | 0 | 
‘ | 10 
0 | o ; 9 | 9 10 
0 | | ‘ 
10 0 | 
0 0 | 4 7 
0 0 | 5 | ‘ 
2 
5 0 | | | 58 | 16 
16 | 36 | 28 
| 39 20 | 30 
| | 2 | 45 
16 12 7 | 39 43 | 65 
25 | | 415 | 102 | 46 
‘ 
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TABLE III.—Distribution of Tolerant and Non-Tolerant Species in Little Muddy 
Creek, Lancaster County, Pa., Aug. Sept., 1948 


Species — — 
M-1 M-2 A-1 

Non-tol. burrowing 

No. 3 l 0 

Per cent 6 l 0 
Tol. burrowing 

No. 0 l 3 

Per cent 0 l 100 
Non-tol. sessile 

No 12 15 0 

Per cent 22 21 0 
Tol. sessile 

No 7 14 0 

Per cent 13 20 0 
Non-tol. foraging 

No. 18 15 0 

Per cent 33 21 0 
Tol. foraging 

No 10 16 0 

Per cent 1u 23 0 
Non-tol. pelagic 

No 1 1 0 

Per cent 2 6 0 
Tol. pelagic 

No. 3 5 0 

Per cent 6 7 0 
Total non-tol 

No 34 35 0 

Per cent 63 19 0 
Total tol. | 

No | 20 

Per cent | 37 51 | «(100 
Total number | 54 71 | 3 
to be transitional between the recov- 


ery zone and a clean-water station. 

At station M-8 Little Muddy Creek 
entered a mild zone of degradation. 
This condition was brought about by 
siltation which, ultimately, would lead 
to physical pollution. 

The data 
of the histograms 


Table ITI. 


the 
are 


used in construction 


presented in 
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Stations 


M4 | MS | M46 M-7 M-8 
0 0 0 
; 2 0 0 0 
2 l l 
5 2 2 
6 12 6 11 s 
15 21 24 13 14 
13 15 5 15 1 
$4 27 20 I8 2 
5 | 21 
14 16 26 22 
6 11 
2 | 21 24 23 | 
| 
| 1 | 4 | 6 
3 7 1 10 10 
i 
| 3 $ 2 7 6 
13 25 27 
43 5 4 9 
| 2 | 31 | 4 | 42 32 
67 55 | 56 51 
| 39 | 56 | 25 2 59 
| | 
References 


. Kolkwitz, R., and Marsson, M., Int. Rev. 


Gesamt 


Hydrobiol. 


126 (1909), 


Hydrog., 
. and Churchill, W. 8., 
‘*Limnological Aspects of Water Sup 
ply and Waste AAAS 
(1949 


Disposal,’’ 


M., and Doudoroff, P., Proc. 


Nat. Tech. Task Comm. on Ind 
Wastes, USPHS, Cincinnati, Ohio 
(1952). 

. Tarzwell, C. M., and Gaufin, A. R., Pus 


due Univ. 


Wast« 


Enq. Bull, Proce. 8th Indus 
(1953 

and Geyer, J, C., ‘* Water 
and Waste Water Disposal.’’ 
, New York, 


Conf., Purdue Univ 


Supply 
John Wiley and Sons, Ine 
N. Y. (1954 


M-3 | 
| 
| 
3 
2 
6 
8 
| 
14 
42 
3 
9 
2 
6 
2 
6 
; 
3 % 
| : 
: 

| 42 
7 

| 58 
| 33 

4 
5 


1278 


Patrick, K., and Roberts, H. 


logical Survey of the 


K., $10 
Conestoga Creek 
submitted to the 


Sasin,’’ A report 


Sanitary Water Commonwealth 
(Jan., 1949 
Wallace, J. H., Proe 

XXIII, 76 (1949 


Acad, Nat. Sci. Phila., 


toard, 
of Pennsylvania 

Wurtz, ¢ B., and 
Pa. Acad. Sci., 

Patrick, Proe 
Cl, 277 (1949 


BEWAGE AND INDUSTRIAL WASTES 


November, 1955 


"atrick, R., ‘* Biological 
Stream Conditions.’’ THis JOURNAL, 
22, 7, 926 (July, 1950). 

Kaplovsky, A. J., and Harmie, J. L., 
‘*Pollution Study of the Red 
Creek 


Drainage 
nation of 


Measure of 


Clay 
Determi 
Existing Stream Condi 
THis JOURNAL, 25, 9, 1072 


1953). 


Jasin LI. 


tions.’’ 
Sept 


WONDER OF AMERICAN ENGINEERING 


Tribute 
gineer in the sewage 
wastes field is the inclusion of 
one of his projects among the Seven 
Wonders of American Engineering 
The American Society of Civil Engi 


neers recently announced the selection 


to the unsung sanitary en 


and industrial 


recent 


of the Chicago sewage disposal system 
as one of these wonders ranking with 
the Colorado River Aqueduct, Empire 
State Dam 


tasin Project, Hoover 


Building, Grand Coulee 


and Columbia 
Dam 
Franciseo-Oakland Bay 

ASCE three 
making. There are countless projects 
that hailed 
legitimately as one of our civilization’s 


and the San 
Bridge Th 


years in the 


Panama Canal, 


choice was 


have been more or less 


seven wonders 


In solving the problems of towns 


and cities, water supply requirements 
are naturally paramount. The proper 
has often 
been put off until attention has been 
forced to this Deve lop- 


ment of the Chieago sewage disposal 


disposal of human wastes 


need 


vital 


system, operated by the Sanitary Dis 


trict of 
dire necessity. 

Pollution of Lake Michigan with 
Chicago’s own wastes jeopardized the 
As a result the 
Chicago Drainage Canal was dug (no 
small task in itself) and then the sew- 
age treatment facilities placed 
in operation in 1938 to reduce pollu 
tion of the Des Plains Illinois 
rivers. 

Largest treatment plant in the world 
is the West-Southwest Plant, with a 
diffused air activated sludge system, 
capable of treating 900 million gal- 
lons per day—equivalent to a popu 
lation of 2,833,000. The three Chicago 
plants, served by a 
sewer system, can handle wastes from 
a population of 4,320,000 plus indus- 
trial wastes with a population equiva- 
lent of 3,000,000. These plants treat 
1,100 million gallons per day and their 
cost has been estimated at 310 million 
dollars. 

Everyone in the 


Chieago, evolved from such 


city ’s water supply. 


were 


and 


combined 


vast 


treatment 
field can take pride in some reflected 


waste 


glory from this recognition 


| 
| 
: 
5 
| 
| 
PON 
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ESTIMATING STREAM POLLUTION SURVEY COSTS 


By Linvit G. anp Davin A. Jones 


Respectively, Associate Professor of Sanitary Engineering | and Graduate Student,} 


Virginia Polytechnic Institute, Blacksburg, Va. 


In the past decade, stream pollution 
surveys have become standard activi- 
ties in the field of sanitary engineer- 
ing. Both industry and municipality 
are making wide use of this type of 
survey as one of the first steps in the 
determination of waste treatment re- 
quirements. 

Generally speaking, the economics 
of stream pollution surveys have been 
ignored. Although costs of equipping 
analytical laboratories of specific types 
and sizes can be found in the litera- 
ture, little information is available to 
aid management either in estimating 
the cost of a proposed stream pollu- 
tion survey or in applying cost ac- 
counting procedures after the survey 
has been completed. 

This article describes a_ rational 
method for computing the cost of 
stream pollution surveys. Cireum- 
stances under which each survey is 
made range widely and the costs as 
computed by the method described 
may not prove accurate for any par- 
ticular survey or even any particular 
test. It is believed that the method, 
if modified to meet specific field con- 


ditions and laboratory organization, 
will provide a reasonable estimate of 
cost. 


Method of Analysis 


The stream survey has been divided 
into two major divisions: (a) field 
operation and (b) laboratory opera- 
tion. These operations, in turn, have 
been subdivided into unit operations. 
Within each unit operation the labor 
and equipment requirements have been 
computed for cost estimation. The 
total cost of the survey, then, will be 
equal to the sum of the unit opera- 
tion costs plus the cost of overhead. 


Field Operation 


The field operation consists of two 
activities: (a) travel to and from the 
stream sampling points and (b) the 
sampling operation. Travel to and 
from the sampling points may be ac- 
complished by using either a truck or 
a boat, or both, depending on the ac 
cessibility of the stations. The total 
cost of the field operation, therefore, 
may be determined from the follow 
ing expression : 


Total Operating Labor Operating Labor 
Cost Cost Cost Cost Cost 
of of + of { of } of 
Field Travel Travel Sampling Sampling 
Operation Activity Activity Operation Operation 
or 
M, 


Uy = [M.O, | ( V 
t 


)| 


p, | 4 [ 


t Presently, with the USPHS, U.S.A. Operations Mission to La Pas, Bolivia 


t Presently, U. 8S. Air Force, 
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where 


total cost of field operation (% 

depreciation and maintenance on sampling equipment per year (8). 

total boat travel (ml.). 

total truck travel (mi.) 

operation, maintenance, and depreciation on boat motors, boat trailer, 
and other boat equipment (% per mi.) 

operation, maintenance, and depreciation on truck (% per mi 

personnel making sampling trip (no.). 

estimated number of samples collected per year 

samples collected per operation (no.). 

average time spent at each sampling station (min.). 

average speed of boat travel (m.p.h.), 

average speed of truck travel (m.p.h.). 

average wage rate of sampling personnel (% per hr.) 


The values of most of the variables basis of per trip operations. In such 
in the preceding equation would be cases, the total cost of the field opera 
established by conditions imposed by tion would be the cost per field trip 
the survey. The total operations costs multiplied by the number of field trips 
for the boat and truck, the deprecia- comprising the survey. If any of the 
tion and maintenance on the boat variables might be expected to change 
equipment, and the speed of boat and materially during the course of the 
truck travel, however, should not vary survey, it may be easier to compute 
significantly from survey to survey. directly the total cost of the field op 
Results of a recent study (1) indicate eration for the complete survey. 
that under most conditions the fol 
lowing values are reasonable approxi Laboratory Operation 


mations for these variables The total cost of the laboratory op 


0, $ 0.35 per mi eration for any stream survey is equal 


0, $ 0.08 per mi to the sum of the costs involved in 
D, = $10.00 performing the individual analytical 
V, 5 m.p.h. tests By resolving each test into its 
V, 35 m.p.h cost requirements for chemicals, ap 
paratus and labor, the following ex 
Normally it would be more conveni pression for the total cost of labora 


ent to compute the survey cost on the tory operations per test is developed : 


Total Cost 
; ol on + 


Chemicals \pparatus 


Labor 
Laboratory Operations Costs 


per Test 


t+ N TWa + NT Wer 
60 


C; 
W here 


total cost of laboratory operations per test ($% 
fixed cost of chemicals ($ 

per sample cost of chemicals ($ 

apparatus depreciation cost ($ per yr. 
samples analyzed (No.) 


= 
3 
‘ 
} 
Or 
P 
Sn 
Vy 
V, 
mir 
‘ 
| 
or 
} 
N, 
dD, 
\ 
os 
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V. = estimated number of samples analyzed per year. 

T, = average analysis time per sample (min.). 

T. = average cleanup time per sample (min.). 

T, = average time spent preparing reagents (min 

W. = wage rate of chemist ($ per hr.). 

W.. = wage rate of chemist or technician ($ per hr.). 


We = wage rate of chemist, technician, or utility man ($ per hr.). 


A detailed study was made (1) of 
32 analytical tests which have been 
employed in connection with stream 
pollution surveys. The chemical and 
apparatus requirements for each test 
were determined, for the most part, 
from procedures outlined in Standard 
Methods for the Examination of Water 
and Sewage (2). Costs of chemicals 
and equipment were taken from the 
1954 catalogs of two major laboratory 
supply houses. 

The chemical costs were separated 
into fixed and per-sample components. 
It was assumed that a nominal quan- 
tity of reagent, independent of the 
number of samples tested, would be 
prepared at the beginning of each test 
or series of tests. The fixed cost, then, 
is the cost of chemicals required to 
prepare reagents in the quantities 
(usually liters) suggested in Standard 
Vethods for the Examination of Water 
and Sewage. Some loss will oeeur in 
performing a particular test on a large 
number of samples when more reagent 
is needed than is provided for in the 
fixed cost of chemicals. Loss here, 
however, will be compensated, to a 
degree, by the savings realized when 
reagents can be stored and used again 
In many instances the addition of a 
definite quantity of chemical or re- 
agent will be specified for a given 
analysis. In cases where that particn- 
lar chemical or reagent is not made 
up ordinarily in the laboratory, but is 
a commercially prepared product, the 
per-sample cost was computed. 

Where a piece of equipment was 
rather expensive and could be used 
in performing several tests, the cost 
was assigned to the test or tests, in 
which that piece of equipment serves 
a prominent funetion. As an illustra- 


tion, although the analytical balance 
is employed in every test where stand 
ard solutions are required, the cost 
of the balance was charged to the sol- 
ids tests were it is used as a key piece 
of equipment. Relatively inexpensive 
items such as pipettes, burettes, flasks, 
cylinders, color tubes, ete. were 
charged off completely to each test 
where they are required. All labora- 
tory equipment, other than glassware, 
was amortized on a 10 yr. _ basis. 
Glassware was charged off in two 
years. 

For each test, in order to establish 
a depreciation charge for laboratory 
apparatus on a per-sample basis, an 
estimate must be made of the number 
of samples to be analyzed during that 
year. Such an estimate is difficult to 
make unless it is based on a contem- 
plated program of analyses or upon 
analyses performed in prior years. In 
many instances, however, even a size- 
able error in the estimation of this 
variable will not affect radically the 
total cost of the analysis 

Estimates of the time requirements 
for the preparation of reagents, analy- 
sis of samples, and clean-up operations 
were derived from time studies made 
by the authors and by Weston et al 
(3) In general, time requirements 
are based on procedures outlined in 
Standard Methods for the Exvamina. 
tion of Water and Sewage. 

The fixed and per-sample costs of 
chemicals, the total depreciation costs 
of apparatus per year, and the labor 
requirements for the 32 tests consid 
ered are presented in Table I 


Overhead Costs 
Several expenses incurred in carry- 
ing out a stream survey cannot be 
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TABLE I. 


Acidity 
Alkalinity 
Aluminum 
Bacteriological Examination 
Biochemical Oxygen Demand 
themical Oxygen Demand 
hlorides 
hlorine Demand 
Jhromium 
olor 
Jopper 
Dissolved Oxygen 
(Crease 
Hardness 
Hydrogen Ion Concentration 
Iron 
Microscopical Examination 
Nitrogen: Ammonia 
Nitrate 
Nitrite 
Total Organic 
Odor 
Oil 
Phenols 
Phosphate 
Silica 
Solids Suspended 
Total 
Sulfates 
Sulfides 
Poxicity 
Purbidity 


to Fish 


t Labor requirements vary considerably depe 


performing the teat 


charged directly to any of the com 
ponent office equipment 
work, super 
These and 
be 


cost 


operations ; 
and supplies, clerical 
vision and administration. 
other 
cluded 
that of 
a function of the organizational strue 


ture and its size, and of operational 


indirect must 


of 


Since overhead 


expenses in 
another 


overhead 


as element 


1S 


procedures of the laboratory, it is im 
possible to estimate the indirect 
without detailed information 
concerning these variables. Overhead 
may be off percentage 
of the direct 


ex 


penses 


charged 
total 


as a 


costs 
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Labor 


Ts 
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Analysis of Laboratory Expenses 


Costs 


hemicals Apparatus 


Da 
(8) 


11.81 
12.44 
20.67 
144.47 
155.72 
46.64 
17.76 
36.82 
24.44 
19.42 
23.99 
16.54 
38.62 
8.27 
58.75 
11.46 
OO RS 
22.90 
35.71 
17.79 
28.32 
30.28 
O59 
39.30 
25.23 
20.24 
55.33 
51.10 
16.46 
20.30 
73.98 
21.30 


Neg! 
Negl. 
None 
None 
Neg] 
0.50 
None 
0.07 
None 
None 
Negl 
0.48 
0.07 
0.07 
None 
0.49 
None 
Negl 
None 
0.04 
None 
0.24 


| Negl 
0.15 
| None 

‘ None 
3 N : None 
| None 
| 5.15 
| 


None 


nding upon the type and ability of personnel 


Profit and Professional Fee 


When the stream survey is super 
vised and conducted by a commercial 


testing laboratory, profit and profes 
sional fees would be added to the cost 


of the 
ventures 


As a 


technical 


survey. rule business 
offering 


compute their profit as a percentage 


services 


of total expenses (materials, labor, and 
overhead The percentage will vary 
with the business risk, the laboratory 
investment, the competition and even 
the personal opinions of the manage 


ment 


‘ ‘ 

= 

| 

(min } (min) | (min | ($) 

40 5 5 | 001 

5 | 5 | 0.02 

35 15 9 | O43 | 

75 15 | 38 | 41458 

140 | | 5.12 

5h | 9 | 0.43 

80 10 0.47 

105 18 19 |} 1.39 

| 55 | | 18 | 0.25 
2a 25 14 10 | 4.37 

| 10 | | 49 | 1.15 

| 100 | 5.05 

} 10 0 | 16 | None 

| 10 10 | None 

EE | 70 25 16 0.48 

100 l 1 1 29 

100 22 2.00 

130 20 21 5.57 | : 

10 30 

he | 160 25 

80) 20 

| BB 14 | 

20 0 x 

10 40 

G0 15 

00 

30 i 

ae 15 10 | 

: 

| 
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The professional fee is the charge 
made for professional services ren- 
dered. The type of professional serv- 
ices involved in the performance of 
stream pollution surveys commonly in- 
cludes the determination of the scope 
of survey, the selection of tests to be 
performed, the establishiment of sam 
pling stations and sampling schedules, 
the analysis of test data, and the prep- 
aration of a report containing conclu- 
sions and recommendations. Compen- 
sation for professional services is based 
on the nature, magnitude, and com- 
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plexity of the survey work, as well as 
the character of the services rendered. 
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SANITARY ENGINEERING DEGREES—1954 * 


There were 164 degrees awarded to 
graduates from undergraduate sani- 
tary engineering courses in 1954. All 
but 8 of the 40 colleges and universi- 
reporting the availability of 
undergraduate sanitary engineering 
courses had graduates. In 1953 the 
number of graduates was 216. The 
average number of graduates per year 
for the last 5-year period (1949-53) 
was 242. 


ties 


The number of sanitary engineering 


graduates per 1,000 engineering gradu- 
ates in 1954 was 7.5. In 1953 and 
in the 5-year period 1949-53, there 
were 9.0 and 6.2 sanitary engineering 
vraduates per 1,000 engineering gradu- 
ates, respectively. 

Master’s degrees in sanitary engi- 
neering were granted to 120 candi- 
dates in 1954; 25 of these were na- 


tionals of foreign countries. Of the 


**Master’s and Doctor’s 


in Sanitary 


* From Degrees 
1954’’ and 
Undergraduate Sanitary 
Engineering Courses in 1954’’ by A. P 
Miller, USPHS, Washington, D. C 


Engineering in 


‘Graduates from 


56 institutions offering graduate work 
in sanitary engineering at this level, 
30 (or 54 per cent) had graduates. 
Eight universities gave 75 of the 120 
and 22 other universities 
awarded the remaining 45 degrees. 
The number of such degrees granted 
in 1953 was 102; 20 of these were 
earned by foreign nationals. The av- 
erage number of master’s degrees 
granted per year for the last 5-year 
period (1949-53) and the last 10-year 
period (1944-53) was 129 and 108, re 
spectively 

The nine doctor’s degrees awarded 
in 1954 by five institutions were all 
to nationals of the United States. 
Twenty-one other universities offering 
work at this level had no successful 
candidates this year. In 1953, five 
doctor’s degrees, three of which were 
to foreign nationals, were granted. In 
the last 5 year period (1949-53), the 
number of 
conferred per year was 6; in the last 
10-year period (1944-53) the average 
was 4 


degrees, 


average doctor’s degrees 


id 

4 

+ 
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POTENTIAL CONFLICTS BETWEEN SUPPLEMENTAL 
IRRIGATION AND POLLUTION ABATEMENT 
PROGRAMS 


By JouN 


Publie Health Engineer, Robert 
USPHS, 


There 
the use of supplemental irrigation to 
increase production in 
where previous practice has depended 
entirely on rainfall. Refer 
ences in the literature indicate a grow- 


is an increasing interest in 


areas 


crop 
normal 


ing appreciation of the benefits from 


irrigation systems and an increasing 
number of installations. This presenta 
tion pertinent to 
where presently developing and 


tential 


is most those areas 

po 
supplemental irrigation 
are not 


attention 


uses 
by 
to potential con 
water Generally, these 
located the humid 
sections of the nation as distinguished 
from the arid 


and needs accompanied 
adequate 
fliets in uses 


areas are in more 


sections where irriga- 


tion is prerequisite to diversified 
crop production 

It is recognized that 
definite of demarcation, 
to rainfall, between 
humid Annual 
in climatic conditions would preclude 


there are no 


lines either 


as area or arid 


and areas. variations 
sharp lines of demarcation even though 
if to 
them. The areas of potential conflict 
are more likely to 
total water supply has 
been relatively plentiful with respect 
to the total and 
limited conflicts in the past between 
water uses have not 


were otherwise possible make 


considered here 
oceur where 


water needs, where 
necessitated com 
prehensive consideration of water use 
control. The subsequent discussion of 
irrigation water uses and needs refers 
specifically to such areas 

Use of water for irrigation is largely 
a consumptive use. The potential effect 
natural flow, should the 


on stream 


W. 


1 


Cincinnati, 


WISEMAN 


Taft Sanitary Engineering Center, 
Ohio 


practice become general or even sub- 
stantial in any given area, leads to 
over effects on other water 
State, interstate and federal wa 


concern 
uses 
ter pollution control agencies are par 
ticularly concerned with possible ef 
fects on water pollution control pro 
In practically all instances, 
critical low flows in streams have di 


yrs 
grams. 


rect and governing influence on polu 
lution abatement Re 
duction in from 
unforseen consumptive uses, such as 


requirements, 
low flows resulting 
supplemental irrigation, could have se 
rious effects on pollution control pro 
These effects could extend be 
yond state boundaries and become of 
interstate regional interest. It 
is desirable to emphasize again that 


grams. 


and 


these statements apply specifically to 


the eastern, 
the Nation 

For at century there has 
been need for appropriation of water 
in the western This need led 
to the development, over the years, 


or more humid part of 


least a 
states 
of systems to appropriate water rights 


(1). The 17 states and the 
State of Minnesota operate under the 


western 


appropriation doctrine or a combina 
tion of this doctrine and that of rip 
arian rights (2). Regulations for ap 
not 


further changes can be expected. 


and 
How 
ever, in nearly all the western states 
of to state 
agencies to appropriate water is re- 


propriation are uniform 


some form application 


quired and provisions are made for 
of water 
Also, there 


agreements 


in adjudication 


rights by state agencies 


assistance 


are numerous interstate 
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or compacts relating to the use of wa- 
ter. In contrast to the western states 
the eastern states operate under a 
system of riparian rights. State agen- 
cies to administer water use control 
are largely non-existent, advisory only, 
or are limited as to scope of interests. 
It is a reasonable conclusion that, up 
to this time, conflicts in demand for 
the total water use have not been 
sufficient to bring about comprehen- 
sive development of principles for al- 
location of water or establishment of 
agencies to administer them. 
There are indications that the pres- 
sures of increasing water use are 
bringing the attention needed for ad- 
ditional legislation. Recently it has 
been reported that about 25 of the 
eastern states have enacted or have 
under consideration some form of leg- 
islation related to control of water 
uses (10). In general, this legislation 


state 


does not take into consideration the 
interstate aspects of water-use con- 
trol. 


Significance of Supplemental Irriga- 
tion Potential in Humid Areas 


It has been reported that, as of 
1945, the total irrigated area in the 
17 western states was 19,500,000 acres 


and in the eastern states about 
1,100,000 acres (3). In 1952 the 
statement was made that in the last 


10 years the proportionate growth of 
irrigated lands was five times as fast 


in the East as in the West (4). 
A bulletin of the Indiana Flood 
Control and Water Resources Com- 


mission(5) states: ‘‘The artificial wa- 
supplemental irrigation of 
growing crops is increasing in Indiana. 


tering or 


... The use may become popular... 
to assure the correct amount of mois- 
ture during a eritical portion of the 
growing season, 
(in use of water 
expected.’’ 

The irrigated acreage in the Ohio 
River basin in 1950 esti- 
mated at 20 times the area irrigated 


. a rapid increase 
for irrigation) is 


has been 
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in 1944. About 60 per cent of the 
irrigation water comes from surface 
supplies (6). 

The preceding references are a rep- 
resentative cross section of views on 
the potential increase in the use of 
water for irrigation in the relatively 
humid part of the United States. 
Without exception the prediction is 
that there will be an increased demand 
for irrigation water. The following 
quotation by the President’s Water 
Resources Policy Commission (6) in- 
dicates substantial justification for 
these predictions: ‘‘ Various prelimi- 
nary experiments carried out in nearly 
every state within the (Ohio) basin 
indicate that supplemental irrigation 
will produce large, in some cases, phe- 
nomenal, increases in yields of crops 
and pastures.’’ 


Relation of Area Irrigated to 
Consumptive Water Use 


affect the amount 
of water consumption for irrigation 
per unit of area. The type of crop, 
the climate (particularly variations in 
climate in areas where irrigation is 
regarded as a supplement to natural 
water supply), the type of irrigation, 
the topography, the type of soil and 
the available water supply are factors 
which have a bearing on the quantity 
used. Individual decisions on water 
application, influenced greatly by the 
availability and cost of water, can be 
the most important factors governing 
the quantity of water used. In those 
cases where natural stream flow rather 
than stored water is used, the short 
term peak uses during critical periods 
are more significant than the total 
seasonal use. Moreover, the per cent 
of total irrigated land being irrigated 
at any time would be quite important. 
For example, if one concentrated ir- 
rigation period per week is sufficient, 
the extent to which the demands for 
the total area are uniformly distri- 
buted would affect the instantaneous 
rate of withdrawal from natural 
flow 


Several factors 


stream 


q 
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Present practice iti humid areas 


dicates preference for sprinkler type 
With this system it 
that total water 


but higher 


1S 


irrigation 


probable less 


Is 


pumped a percentage of 
the amount pumped will be consumed 
Different 
on the amount of water required. 
be that 


usually delivered in a single 


views have been expressed 


The 


concensus seems to one inch 


per week 
application, is sufficient for average 
loam soils and as much as two inches 


be 


Irrigation farmers in Ohio 


per week may required for sandy 
soils (7) 
reportedly use from three to five inches 
ol water per season, or 


about 100,000 gral 


an average ol 


per acre (5) 


Effect on Stream Flows 


‘To demonstrate possible effects of 


extensive development of irrigation 


Location 


It. Jennings, Ohio 
Findlay, Ohio 
Antwerp, Ohio 
Defiance, Ohio 
Waterville, Ohio 
Ft. Wayne, Ind 
Ft. Wayne, Ind 
Stryker, Ohio 


Auglaize 
Blane hard 
Maumec 
Maumee 
Maumee 
St Joseph 
Marys 
Tiffin 


mt 


' Minimum seven-consecutive-day average 
in 80 per cent of the years 


It should be emphasized that max 
mum demands for irrigation use will 
occur during the months of lowest 
stream flows 

Although there different 


views on the consumptive water use 


may be 
for irrigation in humid areas the fol 
lowing assumptions may be considered 
to the effect 
flow. <An irrigation rate of one inch 
per week applied in 12 hr. will be 
representative of peak rates for a 
given field. Distribution is such that 
one-seventh of the total area is being 
irrigated at and the total 
seasonal need is five inches. The con 


demonstrate on stream 


one time 


INDUSTRIAL 


fle 


WASTES November, 1955 


( Ohio-Indi- 
for an area 


River basin 
will 
be considered. 


low relief, 


the Maumee 

ana-Michigan ) 
to The topography is 
of suitable for irrigation 
and a large percentage of the area is 
devoted to agriculture (approximately 
90 per In addition, a recent 
water pollution control report has been 
prepared including estimates of eriti- 
low flows and pollution 
abatement requirements (9). No in 
made as to the 
existing or potential irrigation devel 
opments in the basin. However, it is 
an area where the development of ir 
rigation could have a substantial effect 
on other water uses. 

The area of the basin is about 6,556 
(4,215,000 acres). In 
formation from the previously men 
tioned 


serve 


cent). 


cal stream 


vestigation has been 


square miles 


report on stream flows is as 


follows: 


Drainage Area 


Yield Per 8q.Mi 


0.033 

0.0073 
0.0425 
0.0163 
0.0177 
0.0538 
0.0133 
0.0293 


343 
2,049 
5,530 
6,314 
1,060 
753 


444 


»w which probably will be equaled or exceeded 


sumptive use is approximately equal 
to the total pumpage. 

On the the rate of water 
use per acre and distribution of water 
demand with respect to time, the re- 
quired flow per acre irrigated would 
012 ef.s. The total critical flow 
in the River at Waterville 

120 ¢ would be needed to serve 
9,300 which is approximately 
(0.23 per cent of the area above Water 
ville. Similar computations for other 
areas and streams will show that only 
a minor portion of the agricultural 
area can be irrigated from natural 
stream flow during critical flow pe- 


basis of 


be 
Maumee 
f.s 


acres 
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riods even if the total flow is used. In 
many instances there would be serious 
damaging effects if consumptive uses 
for irrigation amounted to a signifi- 
cant part of the total low flow. 

Any substantial development for the 
use of surface waters for irrigation 
in this or similar areas would have 
important conflicts with other water 
uses unless such development is ac- 
companied by storage of surplus wa- 
ter during periods of high runoff. It 
can be readily appreciated that sew- 
age treatment requirements, deter- 
mined with regard to existing low flow 
conditions, would be radically changed 
by the use of natural stream flow for 
irrigation purposes. 


Conclusion 


In the development of irrigation 
water use in the eastern United States 
the apparent trend is toward develop- 
ment little by little on an individual 
basis. Initial individual irrigation 
uses, particularly where water is with- 
drawn from larger streams, may be de- 
veloped with little thought or recog- 
nition of the serious conflicts which 
would occur with an accumulation of 
such uses. Advantages of supple- 
mental irrigation by initial installa- 
tions in an area have encouraged 
others in the area to make similar 
investments. Frequently the result 
was insufficient water for the total 
irrigation demand, together with re- 
duced eritical flows downstream. The 
probable effects on stream flow have 
reached the proportions in some areas 
in the East to cause concern by U. S. 
Geological Survey personnel as to the 
interpretation of stream flow data un- 
less detailed investigation is made of 
irrigation water uses (10). 

It is predictable that, sooner or 
later, there will be comprehensive leg- 
islation for control of water use in 
the East due to growing competive 
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uses of water. This control will re- 
sult from either advanced thinking 
and planned legislation or from neces- 
sity based on court action brought 
about by developing conflicts. In either 
case the attention of those responsible 
for water pollution control programs, 
as well as those interested in other 
water uses, including publie and in- 
dustrial water supplies and agricul- 
tural uses, should be directed toward 
control which will best serve the pub- 
lie interest. It should be kept clearly 
in mind, also, that the problems are 
likely to be interstate and regional 
in character. 
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DISTRIBUTION OF COLIFORM BACTERIA AND 
OTHER POLLUTANTS IN TIDAL 
ESTUARIES * 


By Bosrwick H. Kercuum 


Woods Hole Oceanographic Institution, Woods Hole, 


In an estuary, any pollutant which 
is dissolved or freely suspended in the 
water is distributed by the circulation 
both upstream 
the outfall location. <A 
pollutant, One 


and downstream from 
conservative 
which does not change 
with time, is distributed in a way that 
can be predicted from the salinity of 
the estuary. Many pollutants, inelud 
ing coliform bacteria and the biologi 
cal and chemical oxygen demand 
decrease with time in the water of the 
estuary, and this change is superim 
posed on the effects of the circulation 
The distribution of these ‘‘time vari 
able’’ or non-conservative pollutants 
can be derived if both the rate of the 
circulation and the independent rate 


of decay can be evaluated. 


This paper attempts to explain the 


prediction of the distribution of pol 


lution in estuaries. The prediction of 
the distribution of a non-conservative 
pollutant offers many difficulties which 
incompletely The 
state of knowledge and ability to pre 
dict 
teria will be presented as an example 


are as yet solved 


the distribution of coliform bac 
of techniques available at present 


Distribution of Conservative 
Pollutants 


When a 


introduced 


conservative pollutant is 


into an estuary at a 


eon 


Stant rate, it will eventually achieve a 
* Contribution No. 772 from the Woods 
Hole Oceanographic Institution, Woods Hole, 
Mass Presented at 1955 Meeting, Texas 
Water and Sewage Works Aassn.: 
Mar. 6-11, 1955 


College Sta 


tion, Texas; 


Vass 


steady-state distribution up and down 
the estuary which depends upon the 
and the rate of 
Although the rate of 
differ 


and 


rate of introduction 
the circulation 
circulation in 


estuaries may 


widely, the distribution of salt 


fresh water is a direct indication of 


circulatory processes. The steady-state 
distribution of a conservative pollutant 
is directly related to the distribution 
of fresh and salt water, and can be de 
rived from the results of a salinity sur 
vey of the estuary. 

It should be pointed out that the 
conditions which will be discussed are 
average conditions and local concentra- 
will certainly differ. By the 
time the steady-state distribution is 


tions 


varia- 
It is ob 


achieved, however, these local 
tions will be at a minimum. 
vious the average concentrations of a 
pollutant in a total cross section will be 
much less than the local concentration 
immediately over the outfall. For the 
distribution immediately adjacent to 
the outfall the investigations of Rawn 
and Palmer (1) will be found a useful 
adjunct to the method described in this 
paper 
lutants will also be modified by differ 
ent wind conditions 


The local distribution of pol 


Local eddies and 
areas of slower than average circula 
tion may be expected near headlands 
No effective 


general procedure for these local con 


and in restricted basins 


ditions has been developed, and a 
knowledge of the individual conditions 
and characteristics of the estuary is 
essential for the wise application of the 


methods described. 
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Average Concentration of Pollutant 


At the location of the outfall the 
pollutant will become mixed and its 
average concentration (C,), achieved 
when steady-state conditions are 
reached, is given by: 


C. (1) 
in which 7’ is the rate of supply of the 
pollutant, R is the rate of river flow 
and f, is the average fraction of fresh 
water in the complete cross section of 
the estuary which passes through the 
outfall location. This is calculated 
from the average salinity (S,) at that 
location by: 
S,— 8S, 

fo S, 
in which SN, is the salinity of the source 
sea water in the mixture (2). 


(2) 


Downstream Distribution 


In the steady-state, a conservative 
pollutant must pass seaward through 
every complete cross section at the 
same rate it is being introduced at the 
outfall. This same criterion of the 
steady-state condition applies to the 
fresh water, and the distribution of 
the pollutant downstream from the 
outfall is directly proportional to the 
distribution of river water. At any 
downstream location, the average con- 
centration in the eross section, C,, will 
be given by the relationship: 


in which Cy and f, are the average con- 
centration of pollutant and river water 
in the complete cross section (¥). 


(3) 


P 


Upstream Concentration 


The pollutant will also be carried 
upstream from the outfall by the mix- 
ing process and the flood and ebb of 
the tidal currents. Above the outfall 
there will be no net exchange across 
any boundary when the steady-state 
distribution is reached. The quantity 
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carried upstream will be exactly bal- 
anced by the quantity carried down- 
stream. This is the criterion of the 
steady-state condition that applies to 
the salt content of the water. The up 
stream distribution of a conservative 
pollutant will be directly proportional 
to the distribution of salinity, as given 
by: 

C, =C. Sy (4) 

S. 

It is clear from these relationships 
that a knowledge of the distribution 
of salinity is essential in order to pre- 
dict the expected distribution of pol- 
lutants. The salinity distribution in 
an estuary will be different at differ 
ent times, depending largely upon fluc 
tuations in river flow. However, an 
increase in river flow will produce an 
increase in the fraction of fresh water 
throughout the estuary. If there is 
a direct proportional relationship be- 
tween river flow and the fraction of 
fresh water, the pollutant concentra- 
tion will be independent of river flow, 
and will depend only upon the rate of 
supply. Its concentration may, there- 
fore, be more nearly constant than the 
concentration of river in the 
estuary. 


water 


Illustration 


The foregoing relationships make it 
possible to predict the expected distri 
bution of a conservative pollutant in 
an estuary. As an illustration, the ex 
pected distribution of a pollutant has 
been derived from the distribution of 
salt and fresh water the Raritan 
River and Bay. An observed distri 
bution of fresh water (3) is shown in 
Figure 1. Four locations have been 
selected arbitrarily for the position of 
an outfall, and the expected pollutant 
concentration from each is expressed 
as the percentage of the concentration 
obtained if the pollutant 
formly mixed in the 


ink 


uni 
water 


were 
river 


1). Downstream from the out 
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BAY 


J 


MILES 


FIGURE 1.—The observed average distribution of river water, and the calculated dis- 
tribution of a conservative pollutant ((,) in Raritan River and Bay for four outfall 


locations. 


fall the pollutant concentration is the 
same as that shown by the solid line 
which distribution of 
Upstream from the out 


describes the 
fresh water. 
fall the dashed lines show the expected 
Two 
sults of moving the outfall downstream 


concentrations important re 


are; 


l. The concentration of pollutants 
upstream from the ontfall is decreased 
2. The concentration of pollutants 


downstream from the outfall is un 


changed 


Distribution of “Time Variable’”’ 
Pollutants 


Pollutants which decay or decrease 
with concentrated 
than the 


for the conservative pollut 


time will be less 


everywhere in the estuary 
predictions 
ants. The change with time is super 
imposed on the cireulation processes, 
and the joint and simultaneous effects 
of both determine the ultimate distri 


bution. If the rate of supply is con 


stant, a steady-state distribution will 
be attained also. 

The mortality of coliform bacteria 
has been studied under laboratory 
conditions (4) (5) and a description 
given of the bactericidal effect of sea 
water which is found at all times of 
the year. The population change due 
to mortality alone is: 


= Ce" (5) 


in which C, and C; are the size of the 
population originally and at time t; 
e is the base of the natural loga 
rithms, and k is the coefficient of mor- 
tality which is negative so that e*' is 
than The laboratory ex 
periments indicate the population of 
coliform 


less unity. 


bacteria decreases to a one 


tenth its original size in a period of 
time ranging from one-half day to two 


or three days. Since the flushing time 
of most estuaries is longer than this, 
the bacterial mortality can be a most 
important factor in the distribution. 


Practically all the decrease of coli- 
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bacteria in the Raritan River 
can be accounted for by the circula- 
tion, the bactericidal action of sea 
water and the rate of consumption of 
the bacteria by zooplankton organisms 
in the water (6). The following re- 
lationship was used for this computa- 
tion: 


form 


Tn 


= (Co)n 


| (1 


r,)e* (6) 
in which nv is a tidal excursion segment 
as defined by Ketchum (7) and r, is 
the exchange ratio of that segment. 
The increment to the population in the 
segment considered |(C,),| from the 
adjacent segment (nm — 1) in the diree- 
tion of the source of pollution, is given 
by: 
(C.). = 

Since the populations in the seg- 
ments closer to the outfall (n — 1, n- 
2, ete.) can also be defined by Eq. 6, 
successive substitutions relate the pop- 
ulation in any segment to the average 
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population at the outfall. At this lo 
cation the rate of supply is given by 
Eq. 1 depleted by mortality while 
within the segment, i.e., multiplied by 


the fraction 
1 — (1 r,) ee 


the mortality coefficients and the ex- 
change ratios are equal for all seg- 
ments the relationship can be reduced 


to: 
r 8 
(8) 
(| rje* 


Similar reasoning indicates that the 
population upstream from the outfall 


can be given by: 
Sa r " 9 
(,= (9) 
S.\1— — re 
In both Eqs. (8) and (9) the ex- 
ponent (n) is the number of segments 
from the outfall to the locality con- 
sidered, including the segment con- 
taining the outfall. 
The effect of mortality can be di- 


10 


r= 08 


-05 


-1.0 


COEFFICIENT OF MORTALITY 


FIGURE 2.—Relative size ((,./C,) of a population of coliform bacteria, at the location of 
the outfall, produced by various circulation rates (r) and mortality coefficients. 
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FIGURE 3.—Downstream decrease of a population of coliform bacteria as a result of 


various rates of circulation (r) for a coefficient of mortality of 


rectly assessed by dividing Eq 
Eq. 3, 9 by Eq. 4 so that 
reduce to 


by 


or both 


n 


If the coefficient 
(¢ 
Sand 4, and Eq 
C It is 


u 


of mortality is zero 


Kqs. 8 and 9 reduce to Eqs 
10 gives C, equal to 
also apparent that for any 
given exchange ratio, any inerease in 
the rate of mortality will decrease the 
population. The larger exchange ra 
tios, however, produce larger popula- 
tions for a given mortality rate, since 
the water remains within the segment 
For 


the average age of the river 


of the estuary for a shorter time 
example 
water in a segment with an exchange 


0.51 tides". 


ratio of 0.8 is only 1.25 tidal cycles, 
ratio of 0.1 in- 
age of 10 tidal 


The expected populations 


whereas an exchange 
dicates an average 
eycles (3 
for a variety of exchange ratios and 
coefficients of mortality are shown in 

The loeation of the outfall 
used 
sive effects of downstream circulation 
value of the 


fraction | - A may be found 
1— (1 rje*/’ 


directly from Figure 2. 
The effects of the 


given in 


Kigure 2 
has been so that succes- 


are eliminated and the 


circulation are 
Figure 3 for a 
ratios 


variety of 
and a single co- 
0.51, e* 

The more rapid the circulation 


exchange 
efficient of mortality (k 
0.6). 


7 

r=0.8 
r=0.6 

0.1 

r=04 
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the larger the relative population size 
at a distance from the outfall. This 
again, reflects the brief period of time 
required for the water to move through 
the segments. The slower 
circulations, however, permit a consid- 
erable population decrease as a result 
of mortality, and the resultant popu- 
lations are much smaller than they 
would be 


SUCCESSIVE 


if decreased by circulation 
alone 

The joint effects of the circulation 
of the estuary and the mortality of a 
coliform bacteria population have been 
computed outfall 
locations in Raritan River and Bay. 
The coefficient of mortality used was 
the same as previously observed (6). 


for three possible 


The exchange ratio for this estuary is 
III to 


segment X, a distance of nearly 10 mi. 


nearly constant from segment 
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where it from 0.285 to 0.397 
(7), with an average value of 0.339. 
The upper curve of Figure 4 repeats 
the solid curve of Figure 1 and gives 
the population expected from dilution 
alone (Cy) with no mortality of the 
bacteria for an outfall at location A. 
The the effects of 
mortality by indicating the fraction of 
the population (C,/C,) expected when 
the coefficient of mortality is — 0.578 
tides *. Multiplication of the value in 
the upper curve by the fraction at the 
the lower 
curve gives the population to be ex 
pected. These are relative to a popula 
tion size of unity for the pollution bac 
teria mixed in the river water with no 
mortality 


ranges 


lower curves show 


corresponding location in 


For example the maximum 
relative populations at the outfall lo 
cations would be 0.538 for A, 0.278 for 


T 


DISTANCE, 


MILES 


FIGURE 4,—The relative size ((,./C,) of a population of coliform bacteria calculated for 
three possible outfall locations in Raritan River and Bay. 
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B and 0.092 for ( 
‘entration 


The 


therefore, is 


peak 


decreased 


downstream placement of the outfa 


but to a greater extent than ean 


expected for a conservative pollutant 


Illustration 


the distribution of 
outfall at location 
the effects of different 
the distribution of tim: 
pollutants in general At 
outfall loeation B, the population is 
vreater would be if the outfall 
vere located either upstream or down 
from B 


the curves 


A discussion of 
bacteria 


B will 


locations on 


from an 
elarify 
variable 
than it 
tream The intersection with 
for other locations (Figure 
1) shows the extent of this greater 
population size. For an outfall at B. 
a stretch of the river nearly five miles 
in length would have a higher popu 
lation of coliform bacteria then could 
the outfall were to be 
A or at C \lso, the 
would be greater than that 
outfall A at all locations down 
tream from the 
urve A, but less than the 
population of outfall C at all locations 


he expected if 
located at either 
population 
intersection with 
would be 
downstream from the intersection wit] 
urve ( 


(‘one lusion 


or a time 


lore if 18 Cle 


variable pollutant, there 
ar that no location for ar 
outfall ean he se lected 


prove conditions 


which will im 
at all other locations 
in the estuary The following conelu 
ions concerning the effect of the loea 
of the 


or time 


tion outfall on the distribution 


variable pollutants may be 


drawn 


] Th 


concentrated 


variable pollutant will 
less everywhere in 


the estuary than the conservative 
pollutant 

2. At and near the outfall 
lutant 


than 


the pol 


coneentration will be greater 


would be obtained from an out 


fall located either upstream or down 
stream 
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3. Like the conservative pollutant, 
the upstream concentration can be re- 
duced by a downstream displacement 
of > outfall 

4. In the conservative 
pollutant, the downstream concentra- 


contrast to 


tion can be reduced by an upstream 
displacement of the outfall 


Discussion 


The methods described in this paper 
predict the both con 
servative and time variable pollutants 
in an from the 
The 

locations for an 
estuary, 


distribution of 


results of a 
merits 
outfall 
can be 


estuary 
salinity survey. relative 
of different 
within an 
evaluated 


therefore, 
No assumptions concern 
ing the mixing process are involved for 
the conservative pollutant, though the 
results are expressed in terms of aver 
variations 
expected 
The prediction of the distribution of 
the time pollutant 
the determination of an 
which 


conditions, and local 


age 


from the average may be 
involves 
exchange 
upon as 


variable 


ratio, may be based 


sumed mixing conditions 


Outfall Location 


Some general rules coneerning the 
location of an outfall in an estuary can 
A displacement of the 
outfall location downstream decreases 
both 
conservative and time variable pollut 
ants 


be proposed 


the upstream concentration of 
If the objective is to improve 
conditions in the river end of the estu 
ary, the outfall should be placed as far 
downstream as is economically practi 
able to obtain the maximum improve 
outfall 
conservative 


ment Downstream from the 
the concentration of a 
pollutant is independent of the loca 
tion of the outfall 
able 


stream 


For a time vari 


pollutant, however, the down 


concentration is increased as 
the outfall location is moved seaward 
If bathing beaches or fishing grounds 
near the mouth of the estuary are im 
upstream 


portant considerations, an 


A 

: 

: 

| 

; 
: 

} 

| 

: 
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location of the outfall would be indi- 
cated. <A precise evaluation of the 
conditions which it is desired to im 
prove is necessary before the selection 
of an outfall location in an estuary 
Is possible. 

Stommel (8) has described a method 
for predicting the distribution of pol 
lutants in a vertically mixed estuary. 
This depends upon the calculation of 
the average mixing conditions from 
the distribution of fresh water, and 
the determination of the expected pol 
lutant distribution by relaxation meth 
ods. Relationships, similar to those 
described above, between the distribu 
tion of pollutants and the fresh and 
salt water downstream and upstream 
from the outfall were independently 
derived by Stommel. 


Kachange Ratio 


The prediction of the distribution of 
a pollutant which decreases with time 
requires the determination of an ex 
change ratio for each tidal excursion 
This ratio is defined as the 
fraction of the water in a segment 
which is lost downstream with each 
tidal cycle. A method for computing 
an exchange ratio from the intertidal 


segment 


volume and the high tide volume of 
the various segments has been de 
This de 


pends upon the assumption that the 


scribed by Ketchum (3, 7). 


water is uniformly mixed at high tide 
within a segment defined in length by 
the excursion of water on the flooding 
tide. 

This method was adequate for estu 
aries as widely different as the Raritan 
River, and the Bay of Fundy (7) (9 
With modifications it was satisfactory 
for a small estuary, Great Pond, and 
for a fjord, Alberni Inlet Austin 

10) has found reasonable agreement 
in the Mobile River and the inner end 
of Mobile Bay, but found errors of 
about 25 per cent in the outer end of 
Mobile Bay. Stommel (8), however, 
found that this method could not be 
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used to describe the salinity distribu 
tion in the Severn Estuary. 

The caleulation of exchange ratios 
from intertidal and high tide volumes 
within the estuary should not be used 
without adequate salinity data to ver- 
ify that the assumption concerning 
mixing is a reasonable approximation. 
However, if adequate salinity data are 
available the exchange ratios can be 
determined directly from the accumu 
lation of fresh water, since: 


R 
= 

in which , is the total volume of river 
water accumulated in the tidal excur 
sion segment (2) (9) (11). This eal 
culation assumes steady-state condi 
tions, but makes no assumptions con- 
cerning the mixing process. A_ valid 
exchange ratio is obtained provided 
river flow has been constant, so that 
the steady-state distribution has been 
attained It is recommended that 
enough salinity data be collected in 
order to confirm the exchange ratio 
derived from tidal volumes, or to de 
rive the exchange ratio directly from 
the accumulation of river water, be- 
fore the results are used to predict the 
distribution of pollution, 


(11) 
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CORRECTION 


The abstract 
Surface Contaminants’’ 
plete. The complete abstract is 
Investigations on the Dynamics of Aera- 

tion—Effects of Some Surface Con 

taminants. By A. Hoiroyp ann H. B. 

Parker. Jour. Inst. Sew. Purif. (Brit.), 

280 (1952). 

\ laboratory study of the effects of five 
lected surface-active agents (Turkey Red 
oil, Commercial Teepol, Commercial Lissa 
pol-N, 


dynamics of 


sodium oleate, and bentonite) on the 
led to the following 


aeration 


] rhe rate of transfer of oxygen through 


in aeration surface is greatly influenced by 
the fluid flow 
jacent to that 
rate, f, 

hubble 
urface, and certain stagnant 
including still 


) 


conditions in the water ad 


surface, Estimations of the 


transfer have been made for dif 


fused au surface, heaving water 
film surfaces 
water surface. 

With addition of certain contaminants, 
the changes in f vary conside rably with the 
character of the surface, 


Turkey Red oil 


observable effects 


aeration 
Teepol, apol and 
had the 


on aeration 


important 
Sodium oleate 


proved too 


reactive and unstable under the conditions 
of the 
nents, but indications are that soaps also 


be have like the 
stable 


experiments for reliable measure 


would towards aeration 


more surtace-active agents 


‘Investigations on the Dynamics of Aeration 


, 27, 10, 1215; Oct., 


(THis 


Effects of Some 
1955) was not com 


1. Up to 100 p.p.m. in elean water, the 


surface-active agents showed effects pre 


viously observed when sterilized sewage 


was aerated. Sewage increased the effects 
above those noted with surface-active agents 
in pure solution. 

5. The most significant reduction in sur 
face transfer rate by surface-active agents 
was found at the diffused air bubble sur 
The bubble because of a 
barrier layer of adsorbed surfactant, must 


face. surface, 
be considered a form of stagnant film aera 
tion surface, 

6. Less 
transfer 


severe depressions of the surface 
were ob 
of rela 


rate due to surfactants 


served at stagnant film surfaces 


tively low f value. 
7. Leaving water surface had the highest 
clean water surface transfer rate and suf 
fered no appreciable depression from this 
high level in the presence of surfactants. 
8. Still water aeration rates present spe- 
cial problems in their determination, but 
these 
depression in the presence of surfactants. 
9, The surfactants towards 
aeration individual varia 


rates seem to suffer no appreciable 


behavior of 
exhibits certain 
tions with increasing concentration. 

10. Bentonite, a highly clay, 
had no influence on transfer rates at any 
of the 


colloidal 


examined, 


aeration surfaces 


7 
: 
| 
6 
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In a previous paper (1), it was 
shown that the total load imposed on 
a stream by a waste could not be eal- 
culated from the rate of oxygen up- 
take as observed in the B.O.D. test or 
the 5-day B.O.D. value. The rate of 
oxygen absorption was shown to be 
dependent on the number of bacteria 
available to carry out the biochemical 
oxidation and not on the amount of 
oxidizable material present. These 
studies were made using ammonia as 
the oxidizable material. Almost simul- 
taneously, Hoover (2) reported simi- 
lar results using carbonaceous matter. 
This conclusion was not entirely un- 
expected and in fact had been indi- 
rectly predicted by Phelps (3) who 
was the first investigator to make a 
mathematical study of the B.O.D. re- 
action. Acceptance of this fact marks 
the end of an era and the ideas of what 
constitutes the total pollution load 
must now be revised. 


Considerations 


Recent work has clarified thinking 
concerning the B.O.D. test and its im- 
plications. It has emphasized the fact 
that there are three kinds of B.O.D.: 


1. Carbonaceous organic matter oxi- 
dized to water and carbon dioxide. 

2. Ammonia oxidized to nitrite. 

3. Nitrite oxidized to nitrate. 


The carbonaceous organic matter is 
the most objectionable since it causes: 


1. Depletion of oxygen below fish 
tolerances. 

2. Production of nuisance by reduc- 
tion of sulfates. 

3. High chlorine demand. 

* Presented at 1955 Annual Meeting, Cen 
tral States Sewage and Industrial Wastes 
Assn.; Rochester, Minn.; June 22-24, 1955. 
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The nitrogenous B.O.D., resulting 
from the oxidation of ammonia or ni 
trites, is less serious. Although it may 
cause oxygen depletion below fish tol- 
erances, it would not produce nuisance 
nor cause high chlorine demand except 
in the case of breakpoint chlorination 
practice. Thus, it appears probable 
that in the future three B.O.D.’s in- 
stead of one may have to be deter- 
mined. 

The chemical oxygen demand 
(C.O.D.) was used as a measure of 
pollution nearly a century ago, with 
permanganate as the oxidizing agent 
Since that time practically every chem 
ical oxidizing agent has been tried and 
the literature is full of appropriate 
references. 

In the opinion of the author all 
the chemical methods have merit. The 
fact that they give results varying 
among themselves and with the B.O.D 
as well as varying from the stoichio 
metrically calculated values, offers op 
portunity for correlating the various 
results with the specifie chemical na 
ture of the pollutant. Such a correla 
tion will be greatly aided by the Van 
Slyke method (4) as modified, which 
appears to measure accurately the 
total oxidizable carbon 

In addition to the three B.O.D.’s 
mentioned previously, it may well 
be worthwhile to determine several 
C.0.D.’s using the Van Slyke method 
as a reference. From the various 
B.0.D.’s and C.0.D.’s it may be pos 
sible to arrive at a conception of the 
kind as well as the amount of the total 
load. This involves considerable lab- 
oratory work, but it will cost only a 
small fraction of the capital expendi 
ture involved in a sewage treatment 
works. 


THE 
| 
* 
? 
i 


1298 


However, the laboratory analytical 
data at best will be only a partial an 
swer to the problems confronting the 
engineer designing a treatment plant 
An oxygen load indicated in the labo 
ratory report may or may not be a load 
which 
the treated waste is to be discharged 
the ammonia B.O.D. will 
constitute a load only when the stream 


on the particular stream into 


lor example 


carries an adequate inoculum of nitro 


SOMONnAS 
Data Needed 


First, because it is simple, would be 
the determination of the chemical con 
existing in the river as com 
pared with those found favorable to 
nitrification 


ditions 


In a laboratory medium 
the optimum conditions were found to 
be 5 p.p.m, ammonia nitrogen, a pH of 
4 to 5.5 and a temperature of 32° C 
If the composition of the stream even 
approaches these conditions, ammonia 
become a B.O.D. load. 

Secondly, it will be necessary to de 
whether sufficient 
nitrosomonas organisms in the stream 
to produce a 5-day B.O.D. from am 


may 


termine there are 


This will require some special 
bacteriological techniques. 
The 


minimum numbers of nitro 


organisms per milliliter re 


quired to remove 6 p.p.m. dissolved 


oxygen in 5 days in the presence of 


ammonia nitrogen are: 


Nitrosomonas 
Organiams 


Temperature perm 


240,000 
37,400 
5,310 
227 


25 


The 


stants on 


which the 
these 


extent to rate con 


which numbers are 
based would be altered by river con 
ditions as compared to the laboratory 
conditions is unknown It 
likely that a 
ment would be presented in the river 
There fore 


probably be 


seems 


favorable environ 


less 


the critical numbers would 


larger than those shown 
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Directions for determining the num- 
ber of organisms have 


been published elsewhere (5). 


nitrosomonas 


Conclusion 


In view of the above discussion it 
that to obtain the 
mate of the total pollution load of a 


waste, the following determinations 


appears best esti- 


are needed: 

1. The conventional B.O.D. 

2. The Van Slyke combustion (total 
carbon ). 

5. One or more C.O.D. determina 
tions. 

4. Ammonia nitrogen 

5. Nitrosomonas count 
Careful these data 
will give a much clearer picture of 


interpretation of 


what will happen when a given waste 
is discharged stream than can 
be had from the limited parameters 
now They will certainly serve 
as a much sounder basis for the design 
and indus 
trial wastes treatment plants. 


mto a 
used 


and operation of sewage 
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STATISTICAL ANALYSIS OF COLIFORM DATA 
A DISCUSSION 


By RicHarp 


POMEROY 


Consulting Sanitary Engineer, l’asadena, Calif. 


An important point has been made 
by Thomas (1) in showing that 
the geometric mean of a set of bac- 
terial data is not an adequate measure 
of the seriousness of pollution at the 
sampling point. It is important that 
proper weight be given to the oe- 
casional high values. There are two 
points in his article which deserve com 
ment. 


Plotting on Probability Paper 


In the method of plotting used, the 
plotted probability is obtained by di- 
viding the accumulated number of re- 
sults by N +1 instead of by N, N 
being the number of results. The 
usual argument for this practice is 
that the last point otherwise cannot 
be plotted. This technique is not con- 
sistent with an assumption that the 
results distributed according to 
the normal curve of errors. 

Suppose that a series of 50 results 
is plotted A point that actu 
ally per cent of the 
results will be caleulated and plotted 
at 96.1 per cent, and other points will 
be shifted similarly. This amounts 
to a modification of the probability 
paper. There is no 


are 


represents 98 


reason why a 
modified paper should not be used if 
Thus this 
procedure could be satisfactory pro- 
vided the modification is consistent. 
Sut the modification produced by this 
method of plotting will vary with the 
value of N. Thus, if there are 100 
results instead of 50, the point which 
actually corresponds to 98 per cent 
of the results will not be plotted at 
96.1 per cent but at 97 per cent. 
For a large set of data the plot ap- 


it gives good correlations. 


that which would be ob- 
dividing by N instead of 


proaches 
tained by 
N +1. 

A theoretically correct way to make 
a plot on probability paper is to plot 
for each result a horizontal line rep 
resenting the interval of percentages 
from a total without that point to 
the total with that point. Thus, if 
there are 50 results, the first represents 
the interval from 0 to 2 per cent, the 
second is from 2 to 4 per cent and 
the last is from 98 to 100 per cent. 


TABLE I. Empirical Results 
of 60 Eight-Penny Tosses 
Number of 

Heads 
0 0 
| 2 
9 
12 


25 


Number of 
Tosnes 


2 
0 


The plot then is a series of horizontal 
lines. The ends of these lines may be 
joined by vertical lines, making a 
staircase figure. 

Table | shows the results of a set of 
60 tosses of eight pennies. A staircase 
type of plot of these results is shown 
in Figure 1. At the bottom is a hori 
zontal line extending infinitely to the 
left toward zero, and at the top is a 
line extending infinitely to the right 
toward 100 per cent. The plot is re- 
versible, as it should be. It is reversi- 
ble in the sense that the results can 
be tabulated as decreasing number 
of tails instead of increasing, with a 
resulting plot that is the exact mirror 
image of the plot in Figure 1, 
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NUMBER OF TAILS 


6c 899 «995 998999 


PERCENTAGE OF TOSSES 


FIGURE 1.—Probability paper plot of a set of 60 eight-penny tosses. 


be objected that the exten 
sion of the line representing the high- 
est value of the variable infinitely to 
the right is with the fact 
that the can have higher 
values. Generally it ean, but all that 
results can show 
highest value found 
In the example of tossing pennies used 


It may 


inconsistent 
variable 
a given set of em- 
pirically is the 


here, a line approximating the slope 
of the stairway 
beyond the 


might be extended 
observed result, 
But this ex 
if representing an infinite set 
of eight-penny would not be 
could not go 


highest 


which was seven tails. 
tension 
Losses, 

and 


a straight line, 


higher than eight tails. To a greater 
or lesser extent this is typical of nearly 
all real sets of data. 

For sets of less than 100 results, the 
conclusions may be substantially af 
fected by the way that the plotting is 
Thus the results for 
tank effluent in Figure 1 of the article 


by Thomas seem to show a geometric 


done contact 


standard deviation of o, = 6, with a 
mean of 11 and an arith- 
mean of 42. If the data are 
plotted in accord with the assumption 


geometric 
metic 


of true conformance to the probability 
curve, the value of o, is about 3.4. 
The geometric mean is 17 and the 
arithmetic This latter 
figure receives support from a direct 
calculation of the arthimetic average 
can be 
This average 
(an average 
for the 43 
results). 


mean is 29, 


of the points insofar as they 


from the curve, 
appears to be about 30 
result of 10 is assumed 
low 

In a technique recently published 
(2) for statistical treatment of bac- 
terial data, the method amounts to 
the locating of points at the mid- 
points of the lifts of what otherwise 
would be the staircase type of plot. 
This provides a quick way to indicate 
by a few points the course of the dis- 
tribution line or curve 


read 


indeterminate 


Practicability of the Arithmetic 
Mean 


It is desirable, as pointed out by 
Thomas, that 
written to 
values. 


coliform standards be 
high 
This can be done by limiting 


the high percentiles or by limiting 


weight to the 


give 
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the function expressed by Thomas as 
the arithmetic mean. 

Some caution should be exercised 
in the interpretation of the formula 
for the artithmetic mean. Validity of 
the derivation by Thomas (1) depends 
on the assumption that the logarithms 
of the M.P.N.’s follow the normal dis- 
tribution, which is never more than 
an approximation. When o is large, 
a high arithmetic mean is calculated 
which depends almost entirely upon 
high values which are usually in an 
extrapolated range. For example, in 
Figure 1 of the previously mentioned 
paper by Thomas, the actual arith- 
metic mean of the upper curve, if it 
could be known, would depend almost 
entirely upon the ‘‘four values 110,000 
or greater.’’ It is dubious practice 
to extend a line on probability paper, 
or the corresponding equation, to a 
range substantially beyond the data. 

An attempt was made to use arith- 
metic means of M.P.N.’s of beach wa- 
ters, with sets of data having high o 
values. It was found that if use were 
made of a straight line on the proba- 
bility plot to try to calculate the mean, 
this average would depend in substan- 
tial part on impossibly high values. 

If the arithmetic average is specified 
in a water quality standard, consid- 
eration must be given to the fact that 
a set of bacterial data may show up 
as a curve when plotted on log proba- 
bility paper, instead of a straight line 
This would be the case in a stream 
that normally shows little pollution 
but which occasionally receives a large 
flow of sewage. It is also true for the 
data on settling tank effluent in Fig- 
ure 1 of the paper by Thomas, 


Number of Dilutions 


The subject of numbers of tubes and 
numbers of dilutions deserves some 
consideration in connection with this 
discussion. 

Many sets of bacterial data are ob- 
tained by setting three, four or five 
tubes in each dilution, but often using 
only three dilutions. Wherever there 
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is much variability of pollution, use 
of only three dilutions will leave many 
indeterminate samples at the ends, all 
minus or all plus. When the purpose 
of the test seems to be to determine 
only whether a coli-aerogenes count is 
above or below a certain level, it might 
appear that this is adequate. The 
paper discussed makes it clear that 
more information is needed, In most 
cases it would be of great value to 
know how high the very high values 
are, and it would also be of interest 
to know the distribution of the low 
values. 

It would be better generally, there- 
fore, to set more dilutions. Under 
most conditions a pattern of five tubes 
in each of three dilutions can be 
changed advantageously to three tubes 
in each of five dilutions, or even to 
two tubes in each of five or six dilu- 
tions. 

The apparent greater precision of 
the test when five tubes are used in 
three dilutions is somewhat illusory. 
The larger number of tubes gives some 
increase of precision if the split is 
principally in the middle group. But 
if most of the last group are positive, 
the result may be no more accurate 
than if only two or three tubes were 
used in that dilution, with three or 
two tubes in a further dilution. <A 
similar condition exists at the other 
end of the series. 

The author (Thomas) of the paper 
is to be congratulated for an important 
contribution to the interpretation of 
bacterial data. In spite of the uncer- 
tainty about the meaning of the fune- 
tion which is presented as the arith- 
metic mean, it is not unreasonable that 
this function may be used for quality 
criteria, at least until a more accept- 
able proposal is made. 
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PHILOSOPHY OF WATER POLLUTION CONTROL IN 
CALIFORNIA * 
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, California State Water Pollution 
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The California water pollution con 
trol has developed and to 
some extent crystallized many control 
its in 1950 
The subject is considered here in three 


program 


practices since initiation 


arts: (a) brief description of admin 
| 
(b) 


on the basic concepts of water pollu 


istrative organization ; discussion 
tion control legislation; and (c) state 
ment on how the water pollution con 
trol program enters into the important 
proposals for a state department of 
water and the California Water Plan 
Administrative Organization 

In 1949, the California Legislature 
concluded that water pollution control 
was primarily a matter of regional con 
cern, and in enacting the Dickey Wa- 
Pollution Control Plan 
the Legislature created a decentralized 
by the 
in 


ter into law, 


state organization dividing 


state into nine regions as shown 
Kigure 1. The regional 
for the most part, are based on major 


boundaries, 


watershed areas. 

Within each of these regions, there 
is appointed by the governor a five 
man regional water pollution control 
board. Each regional board member 
must be selected from a specified field : 
water irrigated agriculture, 
government, city government, 
industrial There are 
ex-Officio state officials on the regional 
A 14-man State Water Pol 
lution Control Board was also created 
by the 1949 legislation. Nine 
members are appointed by the gov- 


supply, 
county 
waste 


and no 


boards 
board 


* Presented at 1955 Annual Meeting, Cali 
Industrial Wastes 


April 27-80, 1955. 


fornia Sewage and 
Calif. ; 


Assn. ; 
Riverside, 


ernor from 


water 


seven 
supply, 
and 


designated fields: 
irrigated agriculture, 
city governments, indus- 
trial waste, industrial water use, and 
The remain- 
are state officials 
representing the Departments of Agri- 
culture, Fish and Game, Natural Re- 
sources, Public Health, and the Di- 
of Water Resources Twelve 
major fields of interest are represented 
this members all 
serve without compensation. A com 
parison of the board membership is as 
follows: 


county 


publie sewage disposal. 


ing five members 


vision 


on board. soard 


Fields Represented on Water 
Pollution Control Boards 


Regional Board 
(5 men 


State Board 
(14 members 


Ore 


Water supply Water supply 
Irrigated agriculture 


County government 


Irrigated agriculture 
County government 
City government 
Industrial waste 
Industrial water use 


City government 
Industrial waste 


Public sewage disposal 


Dept 
Dept 
Dept 
Dept 
Div 


Agriculture 

Fish and Game 
Natural Resources 
Public Health 
Water Resources 
As regulatory agencies, the regional 
three principal duties: 
a) formulating and adopting long- 
plans and (b) pre- 
scribing and enforcing waste discharge 
requirements; and coordinating 
the interests of other agencies. 


boards have 


range policies 


; 
(@) 


The State Board, serving in a co- 


ordinating and appellate capacity, is 


directed to: (a) formulate a state- 
wide policy for control of water pol- 


lution with due regard to the authority 
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STATE OF CALIFORNIA 


STATE WATER POLLUTION CONTROL BOARD 


FIGURE 1.—Water pollution control regions for the state of California. Boundaries in 
general are based on major watershed areas. 


of the regional boards; (b) administer has had neither to review nor inter- 
state-wide programs of research or of  vene in a single case. 

financial assistance for water pollution . 

control; (¢) allocate funds for the Basic Concepts 
administrative expenses of the regional Two basie concepts in the Cali- 
boards; and (d) review the acts of fornia program are apparent in the 
any regional board that fails to take administrative pattern, namely, decen 
or obtain appropriate action to cor-  tralization and the balance of interests 
rect a condition of pollution. In con- represented on the boards. Decen- 
nection with the last duty, and to  tralization, in this case, means far more 
emphasize the effectiveness of the de- than the creation of district offices 
centralized program, during the five responsible to a central organization. 
years of operation the State Board In their pollution control activities, 
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the regional boards are autonomous 
They have been assigned the primary 
responsibility of controlling water pol 
lution within their respective regions 
In this capacity they are basically 
local agencies governed by local people 
representing 

The fundamental concept, 


that of providing an equitable balance 


local interests 


second 


of interests in the consideration of eco 
nomical waste disposal and preserva 


tion of the beneficial uses of water. is 


one of the strongest aspects of the 


water pollution control legislation 
This necessary balance of the interests 
of the those of the 
waste discharger is achieved 
the broad 
on both state and regional boards 

A third expressed in the 
water pollution law is that the control 


boards, in 


water user with 
through 
and varied representation 


concept 


setting waste discharge re 
quirements, may preseribe end results 
only, This provision eliminated the 
previous system of issuing permits and 
reviewing plans for sewerage works 
Under the laws, the control 
boards prescribe waste discharge re 
quirements only in relation to condi 
tions existing from time to time in the 
This 
does not mean that the boards are not 
interested in the design or operation 
facilities. To the con 
trary, the staffs of these boards can, 
and do, informally advise the waste 
discharger on problems of design or 
operation, But, the law clearly states 
that the boards may not specify the 


present 


disposal area or receiving water. 


of sewerage 


design, location, type of construction, 
or particular manner of correcting pol 


STATE — 


EDERAL 
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November, 1955 
lution. Persons ordered to correct or 
prevent pollution may do so by any 
lawful means 

Another principle of the 1949 legis 
lation was the creation of a single 
efforts and 

Following 
a three-year study of water pollution, 
the Dickey fact-finding committee 
which drafted the water pollution con 


agency to coordinate the 


interests of other agencies. 


trol law, referred to the many govern 
mental with the 
problems of waste disposal and water 
quality as the ‘‘57 Varieties.’’ Actu- 
ally, the committee found that there 
are more than 57 Cali- 
fornia at the federal, local 
level having some direct or 
The Cali- 
makes it possible for the 
waste discharger to negotiate with only 
state 


agencies concerned 


agencies in 
state, or 
interest, 
indirect, in water pollution 
fornia law 
one agency. The principle of 
“‘one report, coordination and 
regulation’’ is illustrated in Figure 2 

As illustrated, a 


one 


prospective dis 
‘harger of sewage or industrial waste 
is required to file report 
with the appropriate regional board. 
This report simple, 
single-page form. The board forwards 
copies of the form any other 
pertinent data to all the interested and 
affected parties, thus starting the proce 
Where technical 


facts are lacking, the board asks state 


only one 


consists” of a 


and 


ess of coordination. 
or local agencies to make special in 
vestigations. Before adopting tenta- 
regulations, the invites 
comments and recommendations of the 


interested agencies 


tive board 


Informal or for- 
mal hearings may be held to develop 


STATE | 
BOARD , 

OR REVIEW 
4 


REGIONAL 
BOARD 


COORDINATION 
OF ALL INTERESTS 


THE 
REGIONAL 
BOARD 


WASTE DISCHARGE 


LOcAL— 


OTHER — 


[| owe rerorr | 


CLEAN WATER 


| cooroinarion | 


Jone REGULATION | 


FIGURE 2.—Diagram of the principle—one report, coordination and one regulation. 
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additional facts. Finally, the board, 
in official meeting, prescribes the dis- 
charge regulations. The process is 
now completed, with the waste dis- 
charger receiving but one set of regu- 
lations, 


Steps in Controlling Pollution 


To demonstrate how the water pol- 
lution control boards protect the in- 
terests of other agencies, two of the 
four steps taken by the boards in 
preventing and abating pollution will 
be described. The four steps followed 
by a control board are: 


1. Enunciation of the beneficial wa- 
ter uses which are intended to be pro- 
tected. 

2. Definition of water quality eri- 
teria to protect the beneficial water 
uses, 

3. Prescription of waste discharge 
requirements. 

4. Check on compliance and enforce- 
ment of requirements. 


Although all four of these interrelated 
duties are important functions of the 
boards, the following comments will 
stress only the enunciation of beneficial 
water uses and the defining of water 
quality. 


Enunciation of Beneficial Water Uses 


When considering the first step, it 
is necessary to understand what is 
meant by beneficial water uses and 
why their enunciation becomes so sig- 
nificant in this program. In the Cali- 
fornia statutes ‘‘pollution’’ is defined 
as an impairment of the quality of 
water by sewage or industrial waste 
to a degree which adversely and un- 
reasonably affects waters for domestic, 
industrial, agricultural, navigational, 
recreational, or other beneficial use. 
There is no pollution if beneficial uses 
of water are not adversely and un- 
reasonably affected. Thus, it is evident 
that the first problem facing the con- 
trol board, either in the development 
of long-range plans and policies or in 
the prescribing of requirements to 
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regulate individual waste discharges, is 
that of determining the beneficial wa- 
ter uses to be protected. 

The control board does not estab- 
lish water uses. The California Water 
Pollution Control Act clearly states: 
‘*No provision of this division shall be 
construed as affecting the right of any 
person to the use of water for any 
beneficial use other than the use for 
disposal of sewage and _ industrial 
wastes.’’ Water uses are established 
by factors such as the California Wa- 
ter Plan, authorized water projects, 
established and planned future water 
uses, water rights, the economy of the 
area, land uses, and local and re 
gional planning programs. 

Although the control board does not 
establish water uses, it does enunciate 
water uses which it intends to protect. 
Prior to making this declaration, the 
board considers established water uses, 
planned future uses, and the need for 
economical waste disposal. The board 
also recognizes that the total interest 
in any water pollution control program 
encompasses both economical waste dis- 
posal and preservation of the beneficial 
uses of water. To be certain that all 
interested parties are heard, the board 
invites comments on each case, holds 
informal meetings and _ discussions, 
conducts formal public hearings where 
necessary, and, lastly, after weighing 
the facts, acts upon the matter at a 
public meeting. In this way, the 
board serves as arbiter with the duty 
to hear all interested parties, to evalu- 
ate all factors, and then, to enunciate 
the water uses which it intends to 
protect, 


Setting of Water Quality Criteria 
After the control board has deter- 
mined what water uses it will protect, 
the second step is to establish limits 
on physical, chemical and bacteriologi- 
eal characteristics or concentrations 
beyond which the quality of the wa- 
ters are impaired for beneficial uses. 
The process of defining these limits, 


or ‘‘water quality ecriteria,’’ can be 


¥ 

2 
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illustrated by a 
Case. 

Assume that a community, situated 
on the banks of an inland river, de- 
sires to dispose of its sewage and in- 
dustrial wastes in the river. Let us 
further assume that, after considering 
all factors and interests, the control 
board determines it will preserve the 
river for irrigation, bathing and fish 
ing. Therefore, the community will 
have to provide waste treatment to the 
extent that the river downstream from 
the outfall will meet water quality 
criteria suitable for these three defined 
uses. 

In determining water quality cri- 
teria, the control board customarily 
consults with agencies and individuals 
who are experts in particular fields of 
water use. This consultation, although 
not mandatory, is the normal proce- 
dure. However, it should be empha- 
sized that the final decision in all cases 
rests with the water pollution control 
board. In the hypothetical case, ir- 
rigation water authorities such as uni- 
versities, agriculture experiment sta- 
tions, the Agricultural Extension Serv- 
ice, the Division of Water Resources, 
the Department of Agriculture, etc., 
would be asked what would be a 
maximum concentration of dissolved 
minerals beyond which the river water 
would be considered impaired for 
irrigation of certain crops. Perhaps 
the authorities recommend a maximum 
of 700 p.p.m. of dissolved minerals in 
this case, and the control board adopts 
This 
figure should have a reasonable margin 
of safety in it, and therefore, should 
not be point below 
which the board is unconcerned with 


simple, hypothetical 


this value as one of its criteria 


considered the 


the waste discharge or above which the 
board must rush into enforcement pro 
When the dissolved minerals 
concentration is considerably less than 
700 p.p.m., 
should be 


ceedings, 


river 
Should the 


conditions in the 
satisfactory. 


concentration of dissolved minerals ap- 
proach the 700 p.p.m. eriterion, par- 
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ticularly over a prolonged period, the 
possibility of unreasonable impairment 
(pollution) would be recognized by 
the control board. In this case, the 
waste discharge would be subject to 
immediate study and careful check- 
ing to determine whether enforcement 
proceedings should be initiated against 
the discharger. 

To complete the hypothetical case, 
criteria for irrigation water use would 
also be determined for characteristics 
such as the sodium ratio and boron 
concentration. Using the same proce- 
dures, additional criteria would be de- 
termined, after consultation with pub 
lic health, fish and game, and other 
authorities, for protection of the 
bathing and fishing uses of the river 
water. Again, a reasonable margin 
of safety would be embodied in these 
criteria to assure protection to public 
health and fisheries resources as well 
as to the agricultural interests. 

Table I shows the defined water qual- 
ity criteria for each beneficial water 
use in the hypothetical case. The first 
column gives the three beneficial uses 
to be protected in the river water. 
The second column shows the criteria 
which have prescribed by the 
control board. For irrigation use, the 
maximum limits are 700 p.p.m. dis 
solved minerals, 40 per cent sodium 
ratio, and 0.5 p.p.m. boron. For bath- 
ing use, 10 coliform bacteria per milli- 
liter are considered as the maximum 
concentration. And for fishing use, the 
minimum limit of dissolved oxygen is 
defined as 5 p.p.m. This column has 
labeled the ‘‘area of not un- 
reasonable impairment.’’ As long as 
the limits shown in this column are 
not exceeded, the quality of the river 
water is not unreasonably impaired for 
the uses indicated and there is no 
Regulations controlling 
waste discharges to the river would be 
prescribed so that conditions in the 


been 


been 


pollution. 


receiving water would be maintained 
within these limits. 
Should the limits be exeeeded, the 
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TABLE I.—Defined Water Quality Criteria for Hypothetical Case 


of Beneficial Water Use 


Satisfactory 


Beneficial use to | Water quality criteria prescribed 
be preserved in| by control board to prevent pol- 


river water lution 


Irrigation 
max. 


} p.p.m. boron, max. 


Bathing 10 coliform bacteria per milli- 


liter, max. 


Fishing 5 p.p.m. D.O., min. 


water uses would be considered in 
jeopardy. Since a reasonable margin 
of safety has been incorporated in the 
criteria, a ‘‘caution’’ area exists be- 
tween the ‘‘satisfactory’’ and ‘‘dan- 
ver’’ conditions. If concentrations are 
not controlled and pollution occurs, 
actual damage of the type listed in the 
right-hand column would result. 
Graphically the criteria values and 
the concepts expressed in Table I are 
shown in Figure 3. The curve, rising 
from left to right, depicts increasing 
concentration of material which can 
pollute the receiving water. The hori- 
zontal line represents the criteria set 
by the control board. Every beneficial 
use of water imposes two values to 
each of its water quality criteria: (a) 
a threshold value at which the use is 
not significantly impaired by the con- 
centration; and (b) a limiting value 
at which the beneficial use is, to all 
practical purposes, inhibited or de- 
stroyed. These two values are plotted 
on the graph. When concentrations 
are below the horizintal line the water 
is satisfactory for the indicated bene- 
ficial uses. Between the threshold and 
limiting values, quality of the water 
is questionable. This is the caution 
zone. At concentrations above the 


oe 


Area of Not Unreasonable Impairment | 


700 p.p.m. dissolved minerals, 


40 per cent sodium ratio, max. 


Area of Unreasonable Impairment 


Caution Danger 


Possible conditions if pollution 
not controlled 


| High concentrations; crop dam- 
age and loss of production 


High coliform counts; an actual 
hazard to public health (con- 
tamination) 


| Low D.O.; reduced fisheries re- 
| sources, or fish kills 


limiting value, actual damage can oc 
cur, 

It should be recognized that the 
hypothetical case has been over-simpli- 
fied. In an actual case, criteria in 
addition to those shown would very 
likely be given, especially to protect 
irrigation and fishing. Additional wa 
ter uses probably would have to be 
considered, Seasonal variations in 
water use would dictate seasonal vari- 
ation in water quality criteria. If 
during certain seasons the waters were 
not used for bathing, or if the fish 
could tolerate a lower dissolved oxy- 
gen concentration, the discharger 
could reduce his waste treatment costs 
by making greater use of the waste 
assimilative capacity of the river. 
There are many other variables which 
must be considered in actual cases to 
keep waste disposal costs at a minimum 
while, at the same time, affording ade 
quate protection to the receiving wa 
ters. 


The entire process revolves around 
the important principle of coordinat 
ing the interests and activities of 
others. Each step of the over-all pro 
gram is designed to take into con 
sideration and to protect the interests 
of all publie agencies and private or 
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ganizations concerned with the related 
problems of waste disposal and water 


use, 


The California Water Plan 


One phase of the process just de 
scribed may have to be modified in 
light of the proposed ‘‘California Wa 
ter Plan.’’ 
step of the process, it was pointed out 


In discussing the second 


that, although the control boards con 
sult with authorities in the field of 
water quality, the discretionary power 
and responsibility for establishing wa- 
ter quality criteria rests with the 
water pollution control boards. There 
will be a major exception to the last 
statement if the Water 
Plan, when enacted by the Legislature, 


California 


specifies water quality criteria for ex- 
ported or other waters. To understand 
the reason for this exception, a brief 
explanation of the plan is necessary. 

California has a critical water prob- 


lem resulting from the fact that the 


Coli Boron 
(MPN) 


Ne Dissolved 

Minerale 
ppa 

20 i 60 1500 


Que lity 
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northern one-third of the State is an 
area of surplus waters whereas the 
central and southern portions of the 
State are essentially areas of water 
deficiency. Three-fourths of Cali- 

water crop falls north of a 
line drawn through the City of Sacra- 
mento, yet three-fourths of the need 
for water is south of this line. It is 
simply a matter of poor distribution on 
the part of nature. 

The solution to the ever-growing 
problem of water shortages in the 
two-thirds of the State is 
being developed in a water plan that 
proposes exporting water from areas 
of surplus to areas of deficiency. The 
ultimate exports and imports of water, 
as pictured in Figure 4 have been 
estimated by the Division of Water 
Resources in their studies of the pro- 
plan. The widely-publicized 

River Project is the initial 


fornia’s 


southern 


posed 
Feather 


unit in the proposed California Water 
Plan. 
The plan is being developed by the 


CONCENTRATION 


NG 


4 


INCREAS 


anger (limiting) 


D 


Threshold 


Criterie 


10 
MPN = Most Probable Number 


Trece 


INCREASING IMPALHMENT 


FIGURE 3.—Graphical representation of water quality criteria for each beneficial water 
use in a hypothetical case. 
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FIGURE 4.—The California Water Plan showing the hydrographic areas and 


State Water Reso 


suant to broad authorizations of the 
This board, through the 


Legislature. 
Division of Water 


water distribution. 


lature by the Water Resources Board. 
If the plan includes recommendations 
on water quality, and if the Legisla- 
ture in adopting a California Water 


urces Board pur- 


Resources, is now 


engaged in conducting state-wide sur- Plan fixes quality requirements for 


veys and studies of water resources 
and ultimate water requirements. 
These studies encompass both water 
quantity and water quality. Upon com- 
pletion of the proposed water plan, 
it will be recommended to the Legis- 


certain waters of the state, then these 
requirements become mandatory. The 
setting of water quality criteria on 
these waters would no longer be a 
discretionary responsibility of the wa- 
ter pollution control boards. 
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Conpuctrep By Donaup P. Scuiesswouu 


STARTING A SEWER MAINTENANCE PROGRAM * 


By Orvitte L 


DICKINSON + 


Chairman, Maintenance Committee, California Sewage 


and Industrial 


Does your city or county have con 
tinuous sewer maintenance? 

If you ‘*Yes’’ to this 
question most fortunate 
Comparatively few governing 
have such a program. Most are con 
tent to for trouble calls, before 
they send men out to clear the stop 
Most 


street or 


can answer 


you are 


bodies 
wait 


page or other source of trouble. 
of these men are usually 
equipment operators and are not inter 
They are 
not as a rule trained in this specialized 
field; as a consequence this type of 
maintenance is expensive and ineffec- 
[t is irritating to the men who 
are called out and to the supervisor 
that has to send them out, not to men 
tion the city officials upon whom the 


ested in sewer maintenance. 


live 


irate citizens vent their feelings 
Many jurisdictions fail to have con 
tinuous, preventive sewer maintenance 
simply because their personnel do not 
know how to organize such a program 
Cities and counties pride themselves 
rendered their tax 
Yet, key personnel fail to sell 
the city officials on the economics and 


on the service 


payers 


value of this essential publie service 

The record shows that the men who 
are successful in starting sewer main 
1955 Annual Meeting, Cali 
Industrial Wastes Asen.; 
Riverside, Calif.; April 27-30, 1955. 

t District Clay Pipe Institute, 
Los Angeles, Calif 


* Presented at 


fornia Sewage and 


Engineer, 


Wastes Assen. 


tenance programs advance themselves 
rapidly in their civil service careers. 
In addition to a better position and 
salary, they gain a personal satisfac- 
tion of achievement. If your city does 
not have such a program, or if it has a 
program that is dying on its feet, here 
is an oportunity for performing an im- 
portant public service. Here is how it 
is done. 

Official authorization is necessary to 
start such a program, so a selling job 
must be done first. To sell, facts are 
Check back and find out how 
or other emergencies 
have arisen in the past two or three 
night emergencies. 
Roughly figure the man-hours of time, 
both regular and night calls, that were 
correct situations. 
Check the condition of the sewers each 
time a call is made. Is the main line 
flowing the manhole 
structure sound, or is there deteriora 
tion? Check the pipe for its condition 
With all 
them to the attention of your superiors 
or other appropriate officials. Advise 
them that a program of continuous 
maintenance will eliminate trouble 
calls, restore the sewer to full capacity 
and prolong the life of the system. 
Enthusiasm on the part of the indi- 
vidual is an important part of the 
selling job. Help will be needed in 


needed. 
many stoppages 


years, especially 


required to these 


properly? Is 


these facts at hand, bring 
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getting the program started, because 
only a few men are able to stir their 
superiors sufficiently to get them to ask 
the city manager or council for funds. 

The California Sewage and Indus- 
trial Wastes Association, through its 
local sewer maintenance sections and 
members of industry, has aided mu- 
nicipalities and responsible operating 
personnel in starting or revitalizing 
their sewer maintenance work. In the 
Los Angeles Sewer Maintenance See- 
tion, contact is made with the various 
city engineers. They are introduced 
to the Section and the activities of the 
California Association. 

Efforts are made to hold one of the 
regular section meetings in different 
cities within the Section’s territory. 
In this way, the various city engineers 
and other supervising personnel be- 
come familiar with the value of a good 
sewer maintenance program. Usually, 
the city engineer or director of public 
works is willing to start a maintenance 
program or improve the present pro- 
gram when he is acquainted with its 
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advantages and economics, and when 
he sees the interest of his personnel. 
With genuine interest and cooperation 
from top official on down, the city gov- 
erning body is usually willing to back 
the program. 

Last but not least, look to private 
industry for assistance. There are 
many companies whose personnel are 
available for these efforts. They have 
the time to devote to telling the city 
officials the benefits of such programs. 
During the past year the author per- 
sonally has appeared before no fewer 
than 12 city engineers or directors of 
public works in the interest of sewer 
maintenance programs. In the Los 
Angeles section alone there are four 
members of industry who are helping 
in this worthy project of selling con- 
tinuous maintenance programs to the 
governing bodies who do not have 
them. 

If your city does not have a sewer 
maintenance division, it is time to act. 
Start the ball rolling, now! 


BENEFITS FROM A CONTINUOUS PROGRAM OF 
SEWER MAINTENANCE * 


By N. F. Bravenper 


Sewer Maintenance Superintendent of Los Angeles County, Los Angeles, Calif. 


Unfortunately most citizens are not 
aware of the great investment made 


through the expenditure of public 
funds for underground structures. 


Sewers and storm drains are usually 
covered by street pavement and being 
thus out of sight they are also out 
of the public mind, until something 
happens. Then the people ask ‘‘ What 
is being done about the maintenance 
of these expensive installations?’’ 

A continuing sewer maintenance 
program provides for the protection 


* Presented at Los Angeles Sewer Main- 
tenance Section, California Sewage and In- 
dustrial Wastes Assn., Los Angeles, Calif. 
(1955). 


and proper operation of a sewer sys- 
tem. This program may be further 
defined as a program of continuous 
inspection of the sewer system, includ- 
ing appurtenances, covering each sec- 
tion with reasonable frequency to 
accomplish the early detection and pre- 
vention of sewer stoppages, deteriora- 
tion, or faulty operation. It is dis- 
tinguished from the indifferent pro- 
grams of maintenance consisting of 
stoppage removal or repairs only when 
the system ceases to operate. 
Programs of continuing maintenance 
exist in the more progressive and en- 
lightened communities. There is a 
need for such a program in any com- 
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munity that can boast of a sanitary 
However, these pro- 
grams do not come into existence by 
wishful thinking but by popular de- 
mand of alert citizens and competent 


sewer system. 


governing bodies. 

Policy must first be established. The 
governing body under the authority 
of existing laws determines the policy 
that shall regulate the program to be 
followed 
available funds often limit the main- 
tenance program whenever the govern 
ing body hesitates to make a tax levy 

provide the 
addition to 
items of 


Budgets, appropriations and 


sufficient to 
funds In 
wages, 


necessary 
salaries and 
outlay for 
It has 
been demonstrated in this mechanical 


capital 
equipment must be provided, 


age 


that adequate equipment is the 
economical approach to greater pro- 
duction with the same labor cost 

The best intentions often fail to pro- 


the lack of 


leadership and competent supervision 


duce results because of 
inspired with the responsibilities of 
must inter- 
pret the policy of the governing body, 


public service Someone 


issue the orders initiating action and 
evaluate the results produced. 
Maintenance Functions 

The and 


maintaining a sanitary sewer system 


procedures processes of 


consist of the following functions: 


1. The periodic and routine inspec- 
tion of all sewer lines, manholes, pump 
other appurtenances 
for the purpose of detecting the pres- 
ence of any substance or condition that 
might result in a stoppage, deteriora- 


ing stations, or 


tion of the structures, or the creation 
of a dangerous condition 

2. The cleaning of any sewer line, 
manhole, pumping station, or other ap- 
purtenance found, by inspection or 
otherwise, to be in need of cleaning. 

3. The repair of any line, 
manhole, pumping station, or other ap- 
purtenance found to be in a condition 
requiring repair or replacement of 
parts 


sewer 
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4. The testing of all structures for 
the presence of combustible gas, bad 
odors, toxie fumes, oxygen deficiency, 
or industrial wastes that might create 
hazardous conditions for the public 
or crews engaged in work below the 
street surface. 

5. Cooperation with industry re- 
garding waste treatment processes and 
the discharge of industrial waste 
which might be deleterious to the struc- 
tures, the maintenance 
crews or cause improper or excessive 
use of the pipe capacity. 

6. The control of rats, cockroaches, 
spiders, or other vermin which infest 
the sewer. 


dangerous to 


Objectives 


Many citizens say that it sounds 
like a good idea to have a sewer main- 
tenance program but it is too exten- 
Let us 
look into the matter to determine the 
responsibility of the governing body 
and the results that could be obtained 
for the money expended. 

A maintenance program should have 
an objective. The results to be at- 
tained are the basis for the various 
operations and procedures. The justi- 
fication of a program the 
evaluation of results as evidence of 
funds well spent. Sewers and sani- 
tation are usually classified under 
public health and safety, and it may 
be safely assumed that a sewer main 
tenance program is designed to protect 
the public health and safety. Cer- 
tainly preventive maintenance will re- 
duce the frequency of stoppages and 
the resulting overflow of sewage onto 
the ground surface. The odor and 
sight of sewage in the street is re- 
pugnant to the citizen who resides 
there or must cross the street. Chil- 
dren are prone to play in any stream 
of water and the parents become prop- 
erly indignant when they learn it is 
raw sewage. Compaints to the health 
officer of filth, illness and disease soon 
reach other civic officials and the news- 


sive and would cost too much. 


lies in 


papers. 
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To prevent the contamination of 
the streets, the embryo stoppages 
should be found before they become 
complete stoppages. Root growths in 
the pipes must be found and removed 
in the early stages of growth before 
the removal operation becomes difficult 
and expensive. Equipment should be 
available on short notice to repair or 
replace broken pipes. Ordinances 
should be adopted requiring connee- 
tion to the sanitary sewer when avail- 
able. 


Legal 


Legal precedent has been well estab- 
lished under public liability acts 
whereby a city cannot escape its obli- 
gation to inspect the sewer system for 
defective operation. Failure to re- 
ceive notification that a defective 
condition exists is insufficient excuse 
for neglecting to maintain the sewer 
in a proper operating condition. The 
fact that a sewer has been built places 
the responsible officials on notice that 
they should be diligent in making in- 
spections for the discovery of defective 
conditions. Failure to observe this 
responsibility has cost many cities 
hundreds of dollars in judgments from 
damage suits, as well as severe criti- 
cism of the responsible city officials. 


Cost 


Sewer maintenance is worth the cost. 
In the fiscal year 1953-54 the sewer 
maintenance districts of Los Angeles 
County had an assessed valuation of 
approximately one billion dollars. The 
total annual cost of sewer maintenance 
in the districts was $250,550. For each 
$1,000 assessed valuation the cost of 
maintaining the sewer system was $.26 
per year; a bargain in public service 
Public Attitude 

The American citizen takes great 
pride in his home with all its modern 
comforts. Nothing can be more dis- 
gusting or even terrifying to the 
fastidious housewife than to have sew- 
age overflow from the plumbing fix- 
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tures. Floors, rugs and walls can be 
quickly ruined, resulting in consider- 
able loss to the owner. Here again 
adequate sewer maintenance is the 
proper preventive measure. Manhole 
covers should be accessible so they can 
act as relief valves, permitting sewage 
to overflow to the street before it over- 
flows in the home, Backwater valves 
should be required by the plumbing 
ordinance where plumbing outlets are 
below street level. The entrance of 
rats and other vermin into the home 
through the sewer system brings im- 
mediate public reaction. Certainly the 
health of the public must be protected 
by proper eradication of such vermin. 

The stench of a foul smelling sewer 
has caused many complaints, yet it has 
not always been the fault of the sewer 
condition. Many industries will con- 
tribute vile smelling wastes if not 
properly controlled. Clean sewers with 
proper ventilation will eliminate most 
odors and complaints. 

Occasionally a sewer blows up in- 
flicting personal injuries prop- 
erty damage. Leaking gas mains or 
the discharge of petroleum products 
into the sewer create a combustible 
atmosphere which only needs a spark to 
set off a destructive explosion. Routine 
checking of the atmosphere in sewer 
manholes with an explosion meter will 
give early warning of the danger. The 
utility company will weleome informa 
tion on leaks and gladly repair their 
pipe. 

Traffic hazards created by loose man- 
hole covers that tilt or have popped 
off the frame have caused many ve- 
hieular accidents. In addition to be- 
ing dangerous, these covers are also 
noisy and disturb the nearby residents. 
They should be satisfactorily adjusted 
or replaced. Another traffic hazard 
is the cave in where the street surface 
collapses under the weight of a ve- 
hicle. Broken pipes often create par- 
tial stoppages which wash out the dirt 
above the pipe forming a large cavity 
under the pavement. Routine inspec- 


13 
5 
Bis 
ae 
My 
> 
‘ 
q 


1314 


tion and cleaning should disclose the 
broken pipe. 


Protecting the Investment 


What is done to protect the public 
investment in the 
Are uses prevented 


sewer structures? 
which could re- 
sult in coating the interior of the pipe 
with a hard encrustation that reduces 
the capacity of the line? Are greases, 
tars, acids and solid matter eliminated 
from waste waters discharged into the 
sewer? Is industry encouraged to con 
serve water and reduce the quantity of 
sewage by recireulating the cooling wa 
ter? Vigilence in these matters is a 
protection to the property cud rights 
of the citizens. Toxie and poisurvus 
material can upset the treatment plant 
processes and sludge digestion, result 
ing in higher costs and plant expan 
sion. When it rains do citizens remove 
manhole covers to drain flooded streets 
thereby introducing dirt, sticks and 
trash into the sewer or flooding out a 
pumping station? Do cesspool clean 
ing companies have unregulated use 
of the sanitary sewers? All these im 
proper uses of the public sewers should 
be brought under proper control for 
the benefit of the general publie and 
their investment. 

Construction work by other utilities 
on many occasions results in damage 
Contractors 
installing storm drains, gas and water 
lines, telephone and power conduits, 
poles, tunnels and other sewers often 
damage an existing sewer. 
derground 


to the sanitary sewer, 


Good un 
records showing the loca- 
will prevent much of 
Many sewer pipes are 
broken by street traffic when they are 
laid too close to the ground surface 
or by the crushing loads of high fills 
Careless ope rations by 


tion of sewers 


this damage 


various con 
tractors, plumbers and grading con 
tractors may result in damage to the 
sewer system. Damage by others in- 


volves considerable expense for repairs 


which should be collected 
parties responsible. 


from the 
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Normal use of a sewer system pro 
duces wear and deterioration of the 
facilities. The life of a sewer system 
ean be extended considerably by the 
repair of broken pipes, broken man 
holes, removal of and 
trash. Buried manhole covers should 
be raised to keep the manholes avail- 
Rusted 
manhole steps which have become dan 
gerous should be replaced. The need 
for parts replacement in a pumping 
station should be kept in mind. 

A good set of records and plans are 


roots, grease 


able for access to the sewer 


essential to maintenance and the plan- 
ning of future relief 
sewers. They also assist other utilities 


extensions or 


in steering clear of sewers when con 
structing underground structures 
When lost manholes or wye branches 
must be located the 
invaluable 

public 


records become 


Good relations are desired 


by those engaged in public service 
What kind of response or action does 
Is it 
does the 
phone to compliment 
and efficient service? 
A well equipped crew with a little re 
sourcefulness with 
the problems encountered. Does your 
include training 
and the passing on to the other crews 
the ‘‘know how’’ 
crew. 


a complaining citizen receive? 
indifferent or 
citizen 
on the 


delayed, or 
eall or 
prompt 
can 


cope most of 


program in-service 
developed by one 
Reading the trade journals is 
a good way to pick up new ideas. A 
crew that is familiar with the situation, 
has know how or makes a quick re 
sponse to a complaint certainly has 
the endorsement and support of the 
citizens, 

Frequently the citizen appeals for 
help on a personal basis. A ring is 
lost down the drain, the plumbing 
stops up and a plumber can’t be lo- 
cated. Alarm and worry must be al 
leviated by sympathetic help in solv- 
ing the problem. Remember, the tax- 
payer is really the boss. Keep him 
happy and satisfied within reasonable 
limits. 
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WASTE TREATMENT PLANT FEATURES 


Eprrok’s Note: These articles represent a few of the interesting treatment plant fea 
tures presented by a 10-member panel at the 1955 Annual Meeting, Michigan Sewage 
and Industrial Wastes Assn.; Charlevoix, Mich.; June 20-22, 1955. 


PAPER MILL WASTES AS A “ROAD BINDER” 


By R. J. Suess 


President, Otsego Falls Paper Mills, Inc., Otsego, Mich. 


Disposal of paper mill digester wastes 
as ‘‘road binder’’ has had several 
beneficial effects. Local street and 
highway departments have an inex- 
pensive binder for alleviating dust 
problems or constructing secondary 
roads. An effective means for dispos- 
ing the high B.O.D. wastes is readily 
available to the paper mill. Finally, 
the feasibility of this method of waste 
disposal has permitted the continued 
operation of a paper mill using local 
state hardwoods, thereby contributing 
to the economical welfare of the citi- 
zens. 


Experiments several years ago re- 
vealed that a reasonably good quality 
paperboard could be manufactured 
from Michigan hardwoods which at 
that time were considered to be weed 
trees of no practical value as a forest 
product. While this venture was a 
sucess it did aggravate the problem 
of waste disposal. The major problem 
involved the discharge of high B.O.D 
materials from the pulping process 
These wastes were being discharged 
to the Kalamazoo River whose waters 
were already overloaded with waste 
materials before reaching Otsego. 


FIGURE 1,—Loading “road binder” into tank trucks for application to streets and 
secondary roads. 
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FIGURE 2.—Tank truck 


For several years experiments had 
been conducted on a small seale to see 
if the strong digester waste could be 
used for road construction and main 
tenance This work proved 
sO promising that the street depart 
ment of the city of Otsego and the 
Allegan County Highway Department 
were asked to run some full-seale ex 
periments on their streets and high 
ways. These trials confirmed the 
original findings that this waste ma- 
terial would effectively settle dust on 
secondary roads for long periods of 
time. In addition, the waste would 
also bind the road materials together, 
thereby reducing maintenance. 

The ‘road binder’ 
adopted for this material and a full- 
scale program was immediately setup 
for its use, Evaporation or blow-down 
tanks were installed which the 
material from the pulp digesters was 
pumped and partially evaporated 
Large storage ponds were constructed 
to hold the waste 
ing periods of bad weather or when 


purposes. 


name 


was 


into 


concentrated dur 
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applying “road binder.” 


the tank trucks could not apply it to 


the roads. The evaporation tanks and 
ponds were piped to a loading header 
(Figure 1) equipped to facilitate the 
loading of the tank trucks. 

Several methods of applying the 
waste are used depending on the re- 
sults desired. Many roads are given 
only a spray treatment for the al- 
leviation of dust. (Figure 2). Best 
results have been obtained where the 
road has first, then 
and materials added 
where needed prior to treatment with 


been scarified 


graded new 
a sufficient quantity of road binder to 
properly coat the road materials. 
The tank trucks hauling the 
binder earry the wording ‘‘Using 
Otsego Falls Road Binder.’’ In addi- 
tion, the trucks publicize the stream 
pollution abatement features of the 
program by carrying the 


road 


following 
phrase on the rear of the tank—‘‘ Do- 
ing Our Part to Clean Up the Kala- 
mazoo River.’’ 

During the summer of 1954 the Alle- 
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gan County Highway Department and 
the street department of the city of 
Otsego used the road binder continu- 
ously in treating the highways and 
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streets. No strong pulp digester liq- 
uor was discharged to the river, there- 
by accomplishing 100 per cent stream 
pollution abatement. 


ECONOMICAL REFINERY WASTE DISPOSAL 


By Cuarues E. Fiske 


Technical Director, Leonard Refineries, Inc., Alma, Mich. 


Leonard Refineries started opera- 
tions in 1936 with a skimming plant 
processing about 3,000 bbl. of crude 
oil per day. The API separator con- 
structed at that time to handle the 
effluent has gradually been overloaded 
as the refining facilities have ex- 
panded. In order to maintain a satis- 
factory oil content in the effluent, 
which was discharged to the Pine 
tiver, it was necessary to maintain 
a series of straw dams along a small 
stream through which the effluent wa- 
ter flowed prior to its entry into the 
river. Maintenance of these straw 
dams required about 60 man hours per 
week and in addition to being costly, 
they were very difficult to maintain 
during periods when the water level 
was high or the ground was soft along 
the banks of the stream. It, therefore, 
was decided that a cheaper and more 
reliable method should be found for 
the separation of oil from the refinery 
effluent. 

Of the various commercial sepa- 
rators offered, the dissolved-air flota- 
tion process looked most attractive for 
three reasons. First, the installation 
could be a compact package unit, offer- 
ing good clarification with only about 
18 min. retention time at full flow. 
Second, although alum or other chemi- 
cal feed was to be used, it was claimed 
that the dissolved-air flotation prin- 
ciple could yield a substantially bet- 
ter effluent water should the chemical 
system fail. Third, there was an excel- 
lent chance that the separated oily 


skimmings could be kept to volumes 
which would not constitute a further 
disposal problem. 

Accordingly, a 500 g.p.m. dissolved 
air flotation unit (Figure 1) was pur- 
chased early in 1954 to clarify the 
refinery effluent. With the exception 
of one 8-hr. shutdown for the purpose 
of cleaning the retention tank and 
flotation chamber, this unit has been 
operating continuously 24 hr. per day, 
seven days per week, 


Process Operation 


The effluent from the API separa- 
tors flows into a sump from which the 
main process pump takes suction. Air 
pulled into the system by an eductor, 
enters the system at the suction of the 
pump and is mixed with the water 
in the pump. The water then passes 
through a retention tank where alum 
is proportioned to the flow by a meter- 
ing pump whose stroke is controlled 
by the air signal from the level con- 
troller on the inlet water sump. Back 
pressure on the retention tank is con- 
trolled by means of an air operated 
control valve arranged to keep the 
air dispersed in the water until the 
water reaches the flotation chamber. 
Retention time in the flotation cham- 
ber is from 18 to 35 minutes. Clear 
water is withdrawn from the chamber 
bottom and the floating sludge is 
skimmed off the surface of the water 
over an inclined weir at the end of 
the flotation chamber. 

A rather thorough investigation was 
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FIGURE 1.—Air flotation unit (right) and API s 
refinery wastes. 


variables to 
learn the optimum operating conditions 
The alum 


made of the operating 
for this particular waste. 
feed rate, flight scraper speed and 
flotation chamber level were varied, 
and the resultant effect on the effluent 
quality was observed. 

The minimum alum dosage for satis 
factory oil removal was determined to 
be 60 p.p.m, and the best results were 
obtained with lineal flight scraper 
speed of 16 in. per minute. When 
setting the flight scraper rates at the 
average flow of 181 g.p.m. the average 
Since 
the skimming basin is 20-ft. long, this 
rate permits a minimum of turbulence 
at the skimmed layer while still being 
fast enough to prevent any settling of 


retention time is 37.5 minutes 


the floating sludge. 

The volume of sludge removed from 
this unit has been relatively small and 
constituted any 
During the days of 


has not serious dis 


posal problem. 


average flow approximately 1,000 gal. 


This material 
is pumped to a pond area where the 
sludge is settled and the clear water 


of sludge is obtained. 


pumped to waste. 


Maintenance 


Maintenance on this unit has been 
minor. Early difficulty was encoun- 
tered with the rubber edges on the 
flight scrapers swelling out of shape, 
thereby causing the serapers to do 
a poor job of skimming the sludge. 
This trouble was corrected by replac- 
ing the edges with a saran rubber 
formulation that is holding up well. 
Periodic routine maintenance is re 
quired on the pumps and instrumenta- 
tion, otherwise the only trouble en- 
countered was during a wet snow- 
Snow froze and packed on the 
flight seraper rail, causing the flight 
scrapers to bend. This broke several 
of the brackets which held the serap- 
ers and these had to be welded. Op- 
eration of the unit is completely auto- 
matic and the unit is unattended 
except for an hourly check by an 
operator who observes that the pumps 
and instruments are functioning prop- 
erly. In case of pump failure an auto- 
matic signal attached to the float in the 
pump sump is sounded. A standby 
pump is provided. 

A saving of about $10 per day has 


storm 


eparator (left) for treating 
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been realized in the operation of the 
unit as compared to the cost of main- 
taining the straw dams. The quality 
of the refinery effluent water has been 


WASTE TREATMENT PLANT FEATURES 1319 


improved to the extent that serious 
consideration is being given to reusing 
this water as process water in the re- 
finery. 


KALAMAZOO OPEN HOUSE 


By DonaLp H. Swers 


Superintendent, Sewage Treatment Works, Kalamazoo, Mich. 


Sometimes it takes a few years to 
progress from the laying of the first 
sanitary sewer until the dedication of 
the treatment facilities. Usually dur- 
ing the intervening years many eco- 
nomic and social changes take place 
which make a once aecepted method 
of disposal entirely unsatisfactory. 

This was the case of Kalamazoo, 
Mich., which laid its first line in 1881 
and dedicated the treatment works 
almost 75 years later, in 1955. Great 
population growth, economic changes, 
world wars and finally a demand on 
the part of the citizens for adequate 
waste treatment marked the interven- 
ing years. 


Treatment Facilities 


Particular features of this modern 
sewage treatment installation (Figure 
1) are the use of ‘‘coilfilters’’ for de- 
watering digested sludge and aeration- 
vacuation equipment for removing 
grease, oil and light solids. The treat- 
ment plant was designed to give a 
high degree of primary treatment to a 
flow of 12 mgd. from a population 
of 100,000, At present, the plant is 
receiving slightly more than 7 m.g.d. 
from the 60,000 persons served within 
the corporate limits. The sewage aver- 
ages 200 p.p.m. suspended solids and 
240 p.p.m. B.O.D. 

Raw sewage arrives at the plant 
through a 54-in. and an 18-in. line 
which join at an overflow chamber. 
The sewage is comminuted and flows 
to the grit chambers and ‘then into 
the wet well in the Main Building. 
Two variable speed gas engine driven 
pumps of 8 and 12 m.g.d. capacity and 


two electric driven units rated at 6 and 
12 m.g.d. provide the necessary pump- 
ing capacity. 

The first major treatment unit is the 
‘‘vacuator.’’ Air is mechanically en- 
trained in the sewage which then flows 
into a domed structure where 9-in. of 
vacuum is applied to the surface for 
about 15 minutes at design flow. This 
causes the entrained air to rise bring- 
ing with it greases, oils and light solids 
which are then skimmed from the sur- 
face and pumped to the sludge diges- 
tion tanks. The unit has shown re- 
movals of about 20 per cent suspended 
solids and B.O.D. Volatile content of 
the solids is approximately 90 per cent. 

Two 32 gal. per hour liquid feeders 
feed liquid ferrie chloride into the sew- 
age and two dry feeders supply the 
hydrated lime. Dual rapid mix units 
and the flocculation tanks provide a 30 
min. flocculation period. 

Two circular sedimentation basins 
with 85-ft. diameters provide two hours 
detention at design flow. The treated 
sewage is chlorinated prior to discharge 
to the Kalamazoo River. 

Sludge and scum are pumped to two 
primary digestion tanks each of which 
has a capacity of 100,000 cu. ft. Opti- 
mum temperatures are maintained by 
the use of a pair of sludge heaters 
which can utilize the waste heat from 
the gas engines driving the pumps, or 
can be fired with oil or sludge gas. 
The two secondary tanks, equipped 
with floating covers, are comparable 
in capacity to the primaries. 

The digested sludge is dewatered on 
a coil spring vacuum filter and the 
resultant cake is trucked to a storage 
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FIGURE 1.—The 12 m.g.d. Kalamazoo Sewage Treatment Works during the final stage 
of construction. 


area. The city Parks Department and 
citizens of the community have shown 
an interest in this product, but as yet 
no arrangements have been made for 
final use, 

Early operating results indicate a 65 
to 70 per cent removal of suspended 
solids and a B.O.D. removal of 40 per 
cent. By adding chemicals to the sew 
age between the hours of 9 am and 9 


PM, using a dosage of 10 p.p.m. ferric 


chloride and 30 p.p.m. lime, the re- 
movals during several weeks of trial 
operation were increased to 80 per cent 
and 55 per cent for suspended solids 
and B.O.D., respectively. 


Public Relations 


An important feature of the 
gram that culminated in the construc- 
tion of the Kalamazoo treat- 
plant was the excellent public 
relations carried on by the citzens and 


pro 


sewage 


ment 


city officials most concerned with the 
waste treatment problem. 
with members of the local press were 
exemplary before, during and after 
the construction of the plant. News- 


Relations 


paper support aided in obtaining pub- 
lic approval of the project an financ- 
ing. Excellent coverage was given the 
actual plant construction. 

As part of the over-all public re- 
lations program an attractive eight 
page brochure was prepared. Written 
for the average citizen, the brochure 
describes with clear wording and ex- 
cellent photographs the equipment and 
features of the citizen’s sewage treat- 
ment plant With flow diagram in 
hand it leads him through the treat- 
ment plant from comminutor to chlo- 
rine contact 

As a feature an ‘‘Open 
House’’ was held July 9 and several 
hundred citizens braved rain and heat 
to get a look at the largest single 
project, dollarwise, that the city has 
undertaken. The brochure was dis- 
tributed at that time and it is hoped 
the citizens of Kalamazoo will have a 
fuller appreciation of this vital public 
service, 

Plans are already formulating to 
continue the already excellent public 
relations. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*If you don’t like life, it’s the way you’re living’’—J. W. T. Meehan 


Attention operators! It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Journal. Carbon copies of typewritten reports will be promptly returned on request 
Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa 
tions, 4435 Wisconsin Ave., N.W., Washington 16, D. C, 


22nd and 23rd Annual Reports on the Aurora, Ill., Sanitary District Sewage 
Treatment Plant for the Years 1953 and 1954 * 


By Wavter A. Srenny, Superintendent 


General 


The weather during this two year 
period (1953 and 1954) showed consid- 
erable departure from normal. Low 
flow in the receiving river (Fox) and 
high summer temperatures in 1953 re- 
sulted in a serious fish kill. Investi- 
gation revealed that the pH and dis- 
solved oxygen content were near 
normal and no industrial waste was 
involved, but water temperatures were 
as high as 108° F., literally cooking 
the fish. In complete reversal of this 
weather condition a record rainfall oc- 
curred in October, 1954, resulting in 
serious flooding of the treatment plant 
and extensive damage to interceptor 
sewers. 

Raw sewage flow was less than dur- 
ing 1951 and 1952 when it averaged 
approximately 8.2 m.g.d. Flow for 
1953 was 7.03 m.g.d., increasing to 7.75 
m.g.d. the following year. 

Both the B.O.D. and suspended sol- 
ids of the raw sewage increased 24 per 
cent and 18 per cent, respectively, over 
the preceding year. This is due to 
concentration as a result of lower sew- 
age flows. Overall removals were 
slightly better in 1953 and 1954, aver- 
aging more than 80 per cent in each 
case. Probably due to fewer days of 
secondary tank operation in 1954, the 


* For last previous extract see THis Jour- 
NAL, 26, 4, 567 (April, 1954). 


removal of suspended solids decreased 
slightly while the B.O.D. removal in- 
creased 

Digester gas production reached a 
high of 15.3 million ecubie feet in 1953, 
an increase of 25 per cent over pro- 
duction in 1951 and 1952. The greater 
volume of gas is a result of an increase 
in primary and secondary sludge. The 
longer use of the filters and secondary 
clarifiers was partly responsible for 
more sludge. Gas production dropped 
2.6 per cent in 1954, but remained 
relatively high due to a continuation 
of the 1953 conditions affecting sludge 
concentration, 

The aecident record for 1953 and 
1954 was improved some. As a result 
of back injuries one employee retired 
after 9 years of service. 
Improvements and Additions 

During 1954 electric service was 
again supplied by the public service 
company after a period of 13 years. 
A steady 110 vy. current will be avail- 
able for laboratory instrument opera- 
tion and auxiliary lights to replace 
kerosene lanterns. Cross-switching 


makes it possible to continue the use 
of plant-generated current. 

Most important improvement due to 
electric service was the provision for 
using the existing 6 m.g.d. electric 
driven pump. This will permit pump- 
ing peak flows rather than discharging 


{ 
| 
: 
\ 


1322 


2 to 3 m.g.d. of primary effluent when 
only the 8 mg.d. engine pump was 
used. Low river flows make complete 
secondary treatment desirable. More- 
over, an engine installation would have 
cost about $8,000 whereas the electric 
power installation did not 
$2,000. This ineluded 
gear other 


exceed 
switch 
appurte 


new 
and electrical 
nances. 

As a corollary to operating the 6 
m.g.d. pump, the 
on the wet well 
making the 


air release valves 
pumps were 
priming of the 
automatic and much quicker 

A minor but importat labor saving 
change was the substitution of an 
electric motor for a gasoline engine 
to operate the pump used when dewa 
tering the clarifiers or filling the di 
gesters. 

The equipment company that fur 
nished the preaeration equipment re 
vised the aerators in 1954 by substi 
tuting special air nozzles for the dual 
air-water system and airlifts originally 
installed Operation of the aerator 
was greatly simplified at no expense 


revised, 


pumps 


to the sanitary district, performance 
was improved considerably. 

Major addition to the plant will be 
the construction of two fixed 
digesters similar in capacity to the 
existing digesters. This needed addi 
tional capacity has been planned for 
several years and contracts are ex 
pected to be let in 1955. 

A hole worn in the clarifier 
roof by the engine exhaust was re 
paired in 1953 and the exhaust shifted 
to discharge 
down, 


cover 


house 


rather than 
A 6 h.p. gas engine flap valve 


sideways 


pump was added as a valuable piece 
of plant equipment, especially 
cleaning digesters. 


when 
The plant owned 
given a new roof, the 
first time in 20 years 


cottage was 


V ainienance 


Usual yearly maintenance of plant 
and grounds included painting and re 
pairing structures needing attention 
and the rolling of the lawn together 
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with trimming shrubbery and plant- 
ing perennials. 

A severe tornado in May, 1955 re- 
quired extra work in 
clearing the grounds of fallen trees 
and other debris. Considerable repair 
to skylights and similar structures was 
necessary. In addition, the flood of 
1954 required repairs to shorted cir- 
cuits. Fortunately the prompt action 
of plant personnel and the height of 
equipment prevented serious damage 
to electric motors. The pump and 
electric switchboard escaped 
flooding by one-half inch. 

The trouble in the sludge pump (No. 
2) due to heavy suction pulling the 
ball check through the rubber ring 
was satisfactorily corrected by substi 
tuting a bronze ring of slightly smaller 
diameter for the rubber ring. 

No. 1 digester was cleaned in 1953 
of a large accumulation of grit and 
sludge In addition to this difficult 
task, the bottom plow hinges were 
found broken, necessitating removal 
and replacement of the bent drive 
shaft and the hinges. 


considerable 


The four gas engines are completely 


overhauled each year. The expensive 
and annoying maintenance job of re 
tubing the exhaust heat exchanger was 
undertaken again in 1953. Wrought 
iron used and their life is 
years. New ex- 
changers operate in a more efficient 
manner, but plant conditions do not 
permit a change. 

The 1,000 gal. plant water supply 
tank corroded through. This heavily 
insulated tank was impossible to move 
because of 


tubes are 
approximately 


location be 
A tank lining company 
lined the tank with 11% in. of water 
proof cement in one day at a cost of 
#386. 
years 


its size and 


tween floors. 


The work is guaranteed for five 


Collection System 

During the two years, 1953 and 
1954, 2.16 sq. mi. of territory were 
annexed to the sanitary district for 
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a total of 15.6 sq. mi. Connections 
continued at a rate which reflected the 
active residential building. The con- 
struction of lateral and interceptors 
continued at a moderate pace. Major 
work cleared for construction in 1955 
was 4.7 mi. of laterals. 
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The flood of 1954 required the re- 
placing of considerable pipe in two 
interceptors at a cost of $16,000, Ex- 
cept for the flood, sewer and lift sta- 
tion operations were near normal. 

Table | is a summary of the 1953 
and 1954 operating data. 


TABLE I.—Summary of 1953 and 1954 Operation of the Aurora (Ill.) Sanitary District 
Sewage Treatment Plant. 


item 
Rainfall (in.) 
Tributary pop. (estimated) 
Sewage treated: 


Complete (%) 
Screenings (cu. ft. per m.g.) ........... 
Grit. (ou. £6. per mg.) ......- 

Volatile (%) 


Grease and scum 
Suspended solids (p.p.m.): 
Raw 
Settled 
Filter effluent 
Final 
Reduction (%) 
B.O.D. (p.p.m.) : 
Raw 
Settled 
Filter effluent 
Reduction (%) ....... 
Nitrogen, as NH, (p.p.m.) : 
Raw 


Filter effluent 
Final 
Nitrogen, as NO, final eff. (p.p.m.) 
Raw sludge: 
Total solids (%) 
Volatile solids (%) 
Final settling tank sludge: * 
To 2nd-stage digesters. 
Total solids (%) 
Volatile solids (%) 
Transfer sludge—lst to 2 
Total solids (%) 
Volatile solids (%) 
Digested sludge: 
Total solids (%) 
Volatile solids (%) 


Total solids (%) 

Volatile solids (%) 
Gas production: 

Total (mil. eu. ft.) 

Cu, ft. per lb. volatile added 

Cu, ft. per m.g. sewage 


Cu. ft. per capita ... 
Gas utilized (%) 


Supernatant (from 2nd-stage digester) : 


Average 
1953 1954 
28.7 47.03 
60,000 60,000 
7.03 7.75 
95.6 82.4 
O91 0.04 
0.89 0.04 
64.1 61.5 
89.2 90.0 
206 198 
84 S6 
51 5s 
28 34 
86.6 $2.7 
81 
55 56 
23 24 
oe 16 15 
86.6 82.7 
8.4 9.5 
9.2 9.5 
3.3 3.8 
64 6.6 
6.1 5.9 
64.8 63.2 
5.2 6.3 
55.2 49.3 
50.5 46.65 
3.0 2.9 
we 49.3 46.7 
1.7 1] 
48.9 47.8 
15.29 14.59 
5.18 Os 
5,960 5,270 
0.68 0.70 
92.5 
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Item 


Gas composition: 
CO, (% volatile) 
Os 
H, (% volatile) 
CH, (% volatile) 


% volatile) 


B.t.u. (net) 
Gas engine net earnings in year (% 
Plant operating costs ($): 

Payroll 

Retirement fund 
Interceptor system 
Truck 
Office 
Laboratory 
New equipment 
Repairs 
Gas engines 

Electricity and gas 
Miscellaneous 
Total 

Total cost per m.g. .... 

Total cost per capita 


Total disbursements, operation, administration, 


terest, bonds, ete. ($): 
m.g. 
Per capita 


Per 


November, 1955 


Continued 


1953 
Average 


33.3 
04 


2.5 


63.3 
0.5 
142 
578 
3,064.22 


54,534.19 
5,370.30 
6,021.91 

244.72 
818.22 
353.30 
2,005.05 
3,529.3 
1,695.17 
1,889.32 
3,167.91 
79,629.50 
28.16 


1.33 


INSTALLING SEWER SADDLES * 


By Joun A. 


District Foreman, Sewer Maintenance Division, Los Angeles, Calif. 


A sewer saddle is that essential con- 
nection made between the house sewer 
and the sanitary sewer lateral or in- 
terceptor All too frequently, how 
this connection is the weakest 
link in the chain that provides effec- 
to the consumer. Installed 
who lack experience or 
sound supervision, an improperly con- 
structed saddle can con- 
irritation to the sewer 
maintenance crew. Eventually it must 


ever, 


tive service 
by hHovices 
sewer be a 
stant source of 
be replaced 
Changing building activity is re- 
sponsible for the necessity of installing 
saddles. Sewers may be designed 
* Presented at 1955 Annual Meeting, Cali- 
fornia Sewage and Industrial Wastes Assn.; 
Riverside, Calif.; April 27-30, 1955. 


originally for residential areas, which 
because of increased population are 
rezoned for business, as a result more 
laterals are needed to accommodate the 
new buildings. In the beginning the 
lots may have been large and later 
were subdivided, resulting in more con- 


Saddles 


are used in preference to wyes because 


nections to the existing lines. 


when wye branches are repaired it is 
advisable to replace three lengths of 
pipe in order to be reasonably certain 
that the connection will be as sound 
as the balance of the line. Since this 
requires a large excavation it becomes 
Sewer mainte- 
records show that the less ex- 
pensive saddle operation, properly exe- 


an expensive project. 
nance 
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cuted, will be as durable and effective 
as a wye. 


Saddle Construction 


On small vitrified clay lines saddle 
installation is relatively simple. There 
are many methods which can be used 
successfully. One method that has 
been found to be satisfactory is to 
hold the saddle in the desired position 
and then to mark with a piece of chalk 
the outline where the hole should be 
cut. The saddle should be used as a 
pattern so the hole can be cut in the 
desired shape. A sharp instrument 
such as a prospector’s pick is a suitable 
tool for making the opening. The pick 
is small and light weight, and can be 
used to good advantage in a small 
excavation. The final trimming can be 
done effectively with a small Stillson 
wrench, The hole should be cut the 
full diameter of the saddle to provide 
a smooth transition (Figure 1). After 
the hole has been cut, the saddle should 


tee 
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be held firmly in place with a generous 
amount of cement mortar. An additive 
that hastens the hardening of the ce- 
ment should be used so the saddle will 
not be pushed out of its proper place. 

When the saddle is securely in place, 
mortar should be used to plaster the 
inside where contact is made with the 
main sewer. This transition must be 
smooth (Figure 2) so the flow of sew- 
age is not obstructed because if any 
rough spots remain there is danger 
that debris will lodge and cause stop- 
page. 

If the ground is stable recommenda- 
tion is made that concrete reinforcing 
not be placed entirely around the ex- 
isting pipe. It has been found that 
disturbing the original foundation and 
adding weight to the stop of the pipe 
will cause failure at nearby joints. 

Saddles on conerete sewers up to 
18-in. in diameter are installed in 
much the same manner as with vitri- 
fied clay pipe, except that it is usually 


SELES 


FIGURE 1.—Comparison of 6-in. saddle installations showing a good, full diameter hole 


(right) and an inadequate cut (left). 


' 
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FIGURE 2.-——-Good and poor 6-in. “wye” saddl 


Note smooth 


installations. 


transition (right). 


necessary to place a steel band around 
the sewer to reduce the danger of shat 
tering when the hole is eut. The gen 
erous use of cement in making the 
is advisable 
are apt to be 


these lines 
shelled than 
This additional 
placed along the 
existing pipe and used only sparingly 
on the top. 
in weight 
tion, 
When 


larger 


joint because 
thinner 
other ty pes of pipe. 
cement should be 
Here, again, any increase 


creates a dangerous situa 


entering conerete 
18-in. in 
when large pipes have tile liners, the 
hole should be with a 
raachine If a 


sewers 
than diameter or 


made coring 
breaker is 
used the conerete is broken unevenly 
and tile 


pavement 


is dislodged, allowing sewer 
attack the 
Often failures develop, resulting in ex 
jobs In all 
teagle, tar or other gas resistant sub- 
should be used to fill 
voids left in the wall of the 
When a machine 
able a 


vases to exposed 


spots 


pensive repair 


stances any 
pipe 
avail 


coring is not 


rock sinker drill may be used 
A series of holes should be drilled and 
This 


will keep most of the debris out of the 


the core lifted out in one piece. 


main line, and having a clean pipe is 
one of the The use of the 
proper equipment will reduce uneven 


goals 


breakage and loss of tile and lessen 
the chances of pipe failure 

The far the 
best, and if it is not financially pru- 
dent to 


be rented for a reasonable sum 


coring method by 


own such a machine one can 
Any 
money expended in this manner will 
be more than repaid by the extra years 
of life it will add to the pipe lines. 
Responsibility for Installation 
With the growing importance of pre- 
ventive maintenance programs there 
should be no doubt that must 
be done by the personnel whose job 


this 


it is to keep the sewer system in the 
best operating condition. 
Sewers are a necessary utility and a 
valuable 


possible 
investment. Accordingly, 
they should not be experimented with 
by those without adequate training. 
When sewer taps are left to the aver- 
age plumbing or 
tractor 
sometimes 


construction 
can happen, and 
Cases can be cited 
where the contractor placed a saddle 
on a telephone conduit 
weeks 
covered 


con- 
anything 


does. 


It was several 
this situation was dis- 
that time a definite 
health hazard had developed. It is 
imperative that the health of a com 
munity should not be jeopardized by 
such incidents. Immediately after this 
episode the particular sewer mainte- 


before 
and by 
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nance division began to install the 
connections. 

This is not the only reason that 
maintenance men should do all the 
tapping of the main lines. Before 
modern cleaning methods were devel- 
oped a saddle protruding into the 
sewer line from one to three inches 
was rarely noticed. Pipes were sel- 
dom cleaned, and then usually by hap- 
hazard methods. When stoppages oc- 
curred they were opened, but the line 
was not really cleaned. Perhaps extra 
water was added with a fire hose so 
it would wash some of the debris down- 
stream into a larger line where a stop- 


page was less likely to occur. With 
the present day corkscrews, balls, 
bucket machines and other cleaning 


equipment a pipe free from obstrue- 
tions is needed to do a thorough job 
(Figure 3). When cleaning with a 
ball it is most discouraging to be un- 
able to get the ball from one manhole 
to another and to discover, by means 


FIGURE 3.—Cutaway of a 6-in. 
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of a light flashed through the line, 
that a saddle is protruding several 
inches into the pipe. When bucket 
machines are used it is possible to 
exert enough pressure on the obstruc- 
tions to break them, but often the 
main line is broken requiring expen- 


sive repairs. It is understood that 
many cities inaugurating a cleaning 
program had to practically diseon- 


tinue it because of the many obstruc- 
tions in the line. 

Another source of trouble is the re- 
striction of flow. When engineers de- 
sign lines they know that a certain 
size pipe on a certain grade will carry 
so many second feet of water. There- 
fore, if inefficient workmen allow taps 
to protrude into the normal flow the 
velocity will be reduced and the 
amount of sewage passing through 
the lines will be less. As a result, 12-in 
lines often have only the capacity of 
a 10-in. line, or an 8-in, line will have 
the capacity of a 6-in. line. With this 


“wye” saddle showing good workmanship. The 8-in. 


corkscrew cleaning tool passes the joint easily. 
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insufficient capacity new lines must be 
constructed to meet the needs, which 
adds extra the 

Maintenance must be 


lines if 


expense to taxpayer. 
able to 

the designed 

is to be retained. 

tecently 


crews 
properly clean 
capacity 
much experimenting has 
been done in the inspection of lines 
by actually photographing the interior 
of the pipes A 
on a small boat attached to a light 
cable and the then 
downstream A continuous 
the 
intervals 


camera is mounted 
weight 
floated 


picture 


boat is 


can be taken or 


camera 
for still 

might 
by upsetting the 
valuable 


can be stopped at 


hots Protruding saddles 
sabotage this project 
boat and causing the loss of 
equipment 


The 
paid 


cost of any saddle should be 
for by the property 
will benefit from its 
would not be fair to have the 


city, as a bear this 


owner be 
cause he alone 
ise It 


whole, expense 
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The City of Los Angeles is now con- 
sidering a charge based on the number 
of square inches of area of the enter- 
ing pipe. At the present time a fee 
of $15 is required for lines up to 18- 
in. in diameter and $30 for those 
larger. 
Conclusion 


Every phase of sewer saddle instal- 
lation not On the 
contrary saddle installation techniques 
are a diversified widely dis- 

These techniques are some- 
governed 


has been covered. 
subject 
cussed 


times by changes in civil 
regulations and ordinances 

In the interest of over-all economy 
of maintenance operations and to in- 
sure lines 


health 


made by 


cleaner reduced 
should be 
personnel of the 
The this 
work should be paid by the individual 
benefited 


and a 


hazard, sewer taps 


qualified 
voverning 


agency. cost of 


TIPS AND QUIPS 


Rainbow Coatings 


A unique method 


of corrosion pro 
reported by the 
Graver Water Conditioning Co., N. Y 
Several excellent 
have been developed by the paint in 
dustry for the 


treatment equipment 


tection has been 


coatings in color 
protection of sewage 
However, it is 
the paint that 
sometimes presents a problem and it 
Is not 


the reapplhieation of 
always determine 
how much protection has worn off or 
whether suffered 


possible. to 


certain parts have 


more wear than others. 


To combat this difficulty the recom, 


that 
be applied at in 
using successively dif 
for each coat As the 
wears off. the op 
a glance, from the 
much wear 
has occurred, how much protection re 


mendation is made 


several coats 
of paint to 7 
stallation time 
ferent colors 
protective coating 
tell at 


showing 


erator can 


color just how 


mains and which parts or sections have 
received more wear than others. He 
will know when recoating of all or 
part of the equipment is necessary. 


Loyal Order of Manhole Sniffers 


The dry cereal companies and other 
businesses have long competed for con 
sumer attention through offers of one 
kind or have the 
offer of a free certificate in the ‘‘ Loyal 
Order of Manhole Sniffers’? by the 
Bionetic Division of Reliance Chemi- 
cal Corp., Box 6724, Houston 5, Texas 
Bionetic is that persistent combination 
of preserved cultures of beneficial 
micro-organisms of uniform potency, 
claimed as first aid to waste treatment, 
and, incidentally, the subject of much 


another Now we 


pro and con discussion 


Send in your manhole cover or rea- 
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sonable facsimile today and be the first 
sniffer in your community. 


Ice 


Ice and snow will soon be tighten- 
ing their wintry grip on sewage treat- 
ment plants in northern climes, if it 
hasn't already. An aid to keeping 
steps and walkways safe and slip free 
for visitor and employee is the use of 
a chemical ice melting compound. 

An improved compound, Melt, is 
reputed to have 30 times the thawing 
capacity of salt. It quickly dissolves 
ice and snow without leaving a residue 
or harming vegetation, rubber, asphalt, 
or concrete. A phosphate-type rust in- 
hibitor incorporated with the pellets 
protects metal from deterioration. 

A special industrial grade snow 
melt granules X-73, is little affected 
by air moisture. It is ideal for mixing 
with abrasives for extra slip-proof pro- 
tection. Both materials may be ob- 
tained from the Monroe Company, 
Inc., Cleveland, Ohio. 


Public Relations 


Calling attention to service as it is 
rendered, Village Manager, Mark E. 
Keane, of Oak Park, Ill, has placed 
first emphasis on sewer cleaning and 
forestry operations. When a sewer 
cleaning crew is scheduled to clean 
the sewer en a particular street, one 
crew member is assigned to place a 
brochure in each mail box of the resi- 
dences fronting on the street. 

The brochures are attractive, col- 
ored, one-page folded sheets, 81% in. by 
11 in., entirely prepared by village 
employees and runoff on the village 
multilith. Objective of the program, 
how the citizen can cooperate, progress 
of the program, whom to contact for 
service, source of money for the work 
and other items of interest are de- 
scribed in the brochure. 

Sewer crews have also been supplied 
with tripod signs to be placed on the 
job site. The sign has the following 
caption : 
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‘*Getting the Most Out of Our Sewers’’ 
Sewer Cleaning Crew 
Village of Oak Park 
Financed by Your Quarterly 
Sewer Bill Payments 


Gloves for Pipe Handling 


Sewer maintenance and construc- 
tion crews can obtain additional wear 
and safety in handling clay pipe by 
wearing appropriate gloves. The Ed- 
mont ‘‘Grappler’’ gloves, coated on 
the palm side only with a tough vinyl 
film, outlast heavy-duty canvas gloves 
five to one. The positive grip of the 
vinyl surface is a marked aid in han- 
dling the smooth pipe. Specialist in 
gloves of all types, the Edmont Manu- 
facturing Co., Coshocton, Ohio, is able 
to handle inquiries for a single special 
glove or a carload., 


Hurricane Precautions 


The season of violent winds is over, 
but the damage is still in evidence 
throughout the areas that felt the full 
force of the hurricanes. Since these 
counter-clockwise revolving winds have 
taken an increased interest in a larger 
portion of the Eastern United States 
the following precautions should be 
kept in mind for use next season. 

Briefly they are: 

1. Stay off streets. 

2. Don’t touch wires 

3. Raise and securely tie or remove 
awnings. 

4. Secure shutters as quickly as pos 
sible. 

5. Brace against movement garage 
doors and other large doors 

6. Provide temporary, effective light 
ing methods 

7. Remove or raise to a safe level 
equipment which might be inundated 
or carried away by high water 

ba Open one or more windows on lee 
side to equalize air pressure 


Seeure loose material and mov- 
able equipment 

10. Have a plan of operation and 
know what to do and when 
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Reviews and Abstracts* 


The Measurement of Sewage Flow Us- 
ing Radioactive Tracers. By G. A. 
TRUESDALE Jour. Inst. Sew. Purif. 

(Brit.), 97 (1953). 

Experiments that the 

flow of sewage through settling tanks can 

he traced satisfactorily by adding Rb”. By 
this method the long “tails” of the flow 
through curves, which may be undetected 
by other means, can be determined. Wide 
variations observed when salt was 


deseribed show 


were 
used. 

with Rb” in 
through trickling filters are 
encouraging, but work using other iso 
topes and with compounds containing radio 


O. 


Preliminary experiments 


tracing flow 


active atoms is needed. 


Treatment of Sewage by Alternating 
Double Filtration with and without 
Settlement of the Primary Effluent. 
By T. G. Tomuinson Hatw. 
Jour. Inst. Sew. Purif. (Brit.), 106 
(1953). 

Only a slight reduction in final effluent 
quality results when settlement of the pri 
mary effluent is omitted in alternating dou 
The most striking effect of 


intermediate 


ble filtration. 
omitting sedimentation is to 
cause an inerease in the amount of solid 
matter discharged from the secondary fil 
ter, The 
cause some deterioration in the condition of 
the filters during the winter, although there 
was little evidence of this in the experi- 
mental plant. H. P. O. 


omission may be expected to 


The Experimental Treatment of Steamed 
Gas Liquor on Percolating Beds. by 
H. H. anp G. Tayior. 
Jour. Inst. Sew. Purif. (Brit.), 353 
(1952). 

Preliminary experiments showed the im 
provement in trickling filter treatment pos 
sible when crude gas liquor is pretreated 


by steaming before admission to the sewers. 
Gas liquors containing 10,000 to 15,000 
p.p.m. total NHs and 9,000 to 15,000 p.p.m. 
permanganate oxygen demand were inves- 
tigated. The crude gas liquor discharged 
as steamed gas liquor is at least 50 times 
as costly as primary effluent to treat on 
filters. H. P. O. 


Some Experimental Work on the Effect 
of Synthetic Detergents on Sewage 
Treatment. By Joun Huriey. Jour. 
Inst. Sew. Purif. (Brit.), 306 (1952). 
This paper reports large-scale experi 

ments at the Coven Heath (Wolverhamp- 

ton) sewage treatment plant concerning 
the effect on filtration of Teepol, a deter- 
gent of the secondary alkyl sulfate type. 

Also reported are experiments on the ef- 

feet of Teepol on the activated sludge 

(Haworth) process at the Barnhurst plant. 
With the filters at Coven Heath receiv 

ing their normal dosage of primary tank 

effluent, added Teepol (up to 206 p.p.m. 

in the raw sewage) caused no operational 

troubles and had no visible effect on the 
filters or on the appearance of the subsur- 
face filtering medium. The _ receiving 
stream showed neither froth nor any other 

ill effect. Fish were frequently seen around 

the outfalls. 
When the 


the normal 


filters were dosed at double 
rate, additions of up to 100 
p.p.m. of Teepol temporarily increased the 
effluent B.O.D. by some 7 p.p.m. during 
the first month, but thereafter the treated 
and control effluents were consistently close 
in B.O.D. With this exception, dosing the 
sewage with 100 p.p.m. of Teepol had no 
important effect on any stage of the treat- 
ment. 

In experiments to determine the pro- 
gressive removal of Teepol by full-seale 
biological filters, the presence of up to 
150 p.p.m. of the detergent with normal 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 


might be suitable for abstracting in Tas JouRNAL, 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. 


Address such material: Federation of Sewage and Industrial Wastes Assns., 


4435 Wisconsin Ave., N.W., Washington 16, D. C. 
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flow did not perceptibly retard purification 
at bed depths of 1, 2.7 and 4.3 ft., most of 
the Teepol being removed in the top foot 
of the filter. At double flow rates up to 
100 p.p.m. of Teepol was satisfactorily 
removed, although the removal was accom- 
plished deeper in the medium. 

Addition of 125 p.p.m. Teepol to the 
settled influent to the Haworth aeration 
tanks at the Barnhurst plant (equivalent 
to 160 or 170 p.p.m. in the raw sewage) 
showed no noticeable effect except to in- 
crease the nitrie nitrogen in the effulent to 
5.5 p.p.m., as compared with 2.2 p.p.m. for 
the control without Teepol. Up to this 
dosage, however, the tendency was in the 
opposite direction. Even at the maximum 
Teepol dosing rate there was no noticeable 
difference in the amount of frothing in the 
dosed and undosed sections of the plant, 
other factors than the detergent seeming 
to exert greater influence on this phenome- 
non, H. P. 0. 


The Design and Construction of a Han- 
dling and Treatment System for Liquid 
Radioactive Wastes. By W. L. WiLson. 
Proc. Inst. Civil Eng., 4, Part III, No. 1, 
1 (Apr., 1955). 

The paper describes the handling and 
treatment of radioactive effluent at Harwell, 
England, The prineiples for achieving 
segregation and economy in effluent dis- 
charges are developed; including the meth- 
ods used for flow control, examination of 
discharges, and the basie function of the 
delay tank. Requirements for purity of 
discharge to the River Thames are out- 
lined. 

Experience with other wastes indicated 
that precipitation processes might be more 
desirable than distillation or ion exchange. 
The first problem was to reduce the volume 
of radioactive effluent to a minimum. Three 
systems of sewers were planned: the radio 
active drain, the clean process drain, and 
the sewage and storm water disposal sys- 
tem. 

Effluent requirements were : 

1. Temperature not to exeeed 60° F. 

2. B.O.D. and solids in suspension not to 
exceed 20 p.p.m. and 30 p.p.m., re- 
spectively. 

3. pH value within limits 6.5 and 7.5. 

Approved concentrations of radioactive 
materials for drinking water were: 


REVIEWS AND ABSTRACTS 1331 


1. Alpha emitters 
Radium—4 10°” miero ecurie per 
ce. 
Other alpha emitters—2.4 x 10° 
micro curie per ee, 

2. Beta emitters 

Radiocaleium and radiostrontium— 
2 X10" micro curie per ce, 

Other beta emitters—10°° micro 
curie per ce. 

The River Thames is the source of water 
supply for 8 to 9 million people. It has a 
minimum dry weather flow of about 50 
mg.d. (Imp.) Storage tank units were 
sized for an output of 300,000 g.p.d. 
(Imp.) and were built to be acid-resisting. 
Control of pH was regarded as a governing 
factor. 

Precipitates were at first thickened and 
filtered. Later technique provided protec- 
tive containers, Clean-process waste was 
available for dilution of the treated radio- 
chemical effluent. LANGDON PEARSE 


Operational Experiences with a Handling 
and Treatment System for Liquid Radio- 
active Wastes. By Kh. H. Burns. Proce. 
Inst. Civil Eng., 4, Part II, No. 1, 
21 (Apr., 1955). 

Operational experiences with the Har- 
well, England radioactive effluent are sum- 
marized. Necessary alterations and modi 
fications in procedure are detailed. 

The maximum permissible levels of ac 
tivity of the effluent, the source of this 
activity, and the various drainage systems 
are described. Necessary rigid controls 
and methods of treatment are discussed. 
Some of the operational difficulties and 
their solution are detailed. 

Chemical dosing, followed by clarifloc- 
culators, has proved satisfactory. The thin 
slurry resulting is dewatered by a Sweet- 
land press or a Bird centrifuge. 

The discussion by various speakers was 
informative. W. L. Wilson defended the 
use of the clarifloceulator and stated the 
capital costs of the works at Harwell was 
high. The effluent had a low B.O.D. and 
suspended matter content. The limits for 
discharge were far below those considered 
safe for workers in the atomie energy field. 

LANGDON Pranse 


Benefits to the Filters by Slower Dosing. 
By H. Hawkes. Surveyor, 114, 147 
(1955). 

The data presented in this paper were 
collected in the experiments described by 
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Tomlinson and Hall (Surveyor, 114, 145). 
The film much heavier 
with more rapid distributor rotation, al- 
though the vertical distribution of film was 
uniform through the top 2 ft. of medium 
in all The larvae of 
fenestralis and Psychoda species were cor- 


accumulation was 


CASES, Anisopus 
respondingly more numerous in the heavier 
film. Lumbricillus lineatus, on the other 
more numerous with the lower 


RAND 


hand, was 
rates of distributor rotation. 
Industrial Waste Treatment at a Vis- 
cose-Rayon Factory. ay J. W. 
HvuGHes Inst. Sew. Purif., 406 
{ 195] ) 
Waste products from a typical 
modern viseose-rayon factory are divided 


Jour. 
large 


into solid, gaseous and liquid classifications. 
The first class is leached if obnoxious and 
dumped if not; the second, is recovered if 
market demand is sufficient, or treated to 
minimize air pollution if not, the ultimate 
third 


group is accorded more detailed attention. 


object being sulfur recovery; the 

In the particular factory described, more 
than 3 m.g.d. of water is used and wasted. 
Liquors are utilized to their fullest extent 
wherever possible, consistent with economic 
considerations. Thus the final discharges 
consist of various liquors unsuitable for 
recovery by reason either of extreme dilu 
tion and/or contamination. 

The drains segregate the wastes into four 
types: storm, sanitary (kitchens, lavatories, 
ete.), 
plants handle the flows from the last two. 


acid, and sulfide. Separate treatment 
“Acid” wastes actually are both acid and 
alkaline and may contain small quantities 
Treatment 


consists of neutralization, flocculation, set 


of metals, dyestuffs and oils. 


tling, and sludge drying and dumping. 
“Sulfide” effluent is treated by bio-filtra 
tion, using one part of raw liquor to two 


The 


treated effluents are then given breakpoint 


parts recirculated liquor. combined 
chlorination to inhibit fungus growths in 
the long plant outfall to the publie sewer. 


H. P. O. 


Biological Treatment of Cyanides, With 
and Without Sewage. By A. FE. H. Per- 
rer AND BE. V. Jour. of Appl. 
Chem. (Brit.), 4, 434 (1951). 

The purpose of the experiments was to 
of metal cy- 


ascertain the concentration 
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anides that can be tolerated in the treat- 
ment of sewage by trickling filters. The 
eyanide complexes of zinc, cadmium, cop- 
per, nickel, and iron were used in this study 
The 
filters 4-ft. deep with 6-in. diameters were 
filled with 4/- to 1-in. coke. 

The results showed the first addition of 
1 to 2 p.p.m. eyanides applied to a matured 
bed interfered with nitrification and in- 
creased the B.O.D. of the effluent, but the 
filter regained its efficiency in about a week. 
No eyanides could be detected in effluents 
from acclimatized filters treating sewage 
containing potassium cyanide up to the 
equivalent of 4 p.p.m. HCN or eyanides of 
zine or cadmium up to the equivalent of 
1 p.p.m. HCN. The experimental filters 
could be acclimatized to concentrations of 
at least 100 p.p.m. of HCN. At this con- 
centration 99 per cent or more of the 
potassium cyanide or in the 
complexes of zine and cadmium could be 
destroyed whether dissolved in sewage or 
tap water. 


in addition to potassium cyanide. 


eyanide in 


Similarly, 75 per cent or more 
of the cyanide in euprocyanide or nickel- 
eyanide could be destroyed. Purification 
of sewage was diminished but not inhibited 
by 100 p.p.m. of any of the cyanides used. 


When the addition of cyanide to sewage 
treated in an acclimatized filter was stopped, 
the filter retained its resistance to the effect 
of eyanide for two weeks and its capacity 


A flora 
capable of destroying potassium cyanide 
ean be developed under natural conditions 
without Biological pretreatment 
of eyanide before discharge into 
sewers is thus possible and offers an alterna- 
tive to chemical oxidation. The highest 
rate of treatment tried in the absence of 
sewage was 0.1 lb. HCN per en. yd. of filter 
media per day. H. 


to destroy cyanide for five weeks. 


sewage. 


waste 


Sewage Works Design: Some Impor- 
tant Considerations. By Jonn Hur 
LEY. Jour. Inst. Sew. Purif. (Brit.), 
$18 (1951). 

Among the factors diseussed broadly as 
being important in sewage works design 
the author with effluent standards, 
local conditions, consistency of perform 
treatment of 


maintenance, degree of supervision, large 


deals 


ance, storm water, ease of 
scale experiments, trade effluents, operator 
convenience, over-all coherence, provision 


for servicing and repair shutdowns, solids 
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removal efficiency, and recirculation effects. 
Discussion brought out the factors of 
sludge storage and disposal, flow velocities 
in various units, and conduit ventilation. 


H. P. O. 


Some Historical Aspects of Sewage 
Purification in Scotland. By Jouwn A. 
Warren. Jour. Inst. Sew. Purif. 
(Brit.), 431 (1951). 

This historical account of sewage treat- 
ment in Seotland begins with an extension 
of the sewers of Edinburgh in 1760 to 
Craigentinny Meadows on the shores of the 
Forth Estuary and disposal of the sewage 
by broad irrigation of hay and rye. The 
various developments are discussed briefly 
from then to the present time, H. P. O. 


The Condition of the Tidal Portion of 
the River Thames. By C. J. Reaan. 
Jour. Inst. Sew. Purif. (Brit.), 85 (1952). 
This is the original of a previously pub- 

lished condensation (see abs. Tuis Jour- 

naL, 25, 1, 117 (Jan., 1953). 


Studies on Acid Precipitation at Salford. 
By T. Stones. Jour. Inst. Sew. Purif., 
361 (1952). 

Acid precipitation of sewage containing 
industrial waste is a function of the pH 
value and is independent of the nature of 
the acid employed. Optimum precipitation 
occurred at pH 3.0, which requires subse- 
quent neutralization prior to biological 
treatment. ?. 0. 


Recent Studies on Toxicity and Stream 
Pollution. By I. R. H. Ansan, J. 5B. 
ALaBasterR, AND D, W. M. Herserr. 
Water & San. Eng., 5, 3, 109 (1954). 
The 10 m.g.d. of effluent from the Colne 

Valley activated sludge sewage treatment 

plant are discharged into a channel 0.875 

mi. long before joining the River Colne. 

In the channel it receives little or no dilu- 

tion. This channel contained large num- 

bers of fish, and the D.O. goes down to 

1 to 2 p.p.m. and ammonia concentrations 

of 15 to 30 p.p.m. are found. The reac- 

tions and distribution of fish in the ef- 
fluent channel were studied (1) by confining 
fish of different species in aquaria on the 
bank through which effluent from a fixed 
point was made to flow, (2) by confining 
them in floating lineboxes in the channel 
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and (3) by trapping and marking fish in 
different parts of the channel at different 
times of the year. The first two methods 
gave similar results, so that the second 
method was used because of its convenience. 
Immediately below the point of discharge 
of the effluent fish (roach) survived for 
long periods. The D.O. at this point was 
high. At the lower end of the channel 
where the D.O. was much lower captive 
fish died after a short period of exposure. 
The deficieney of oxygen, however, was not 
the cause of death of fish on some occasions 
at this sampling point. The results of the 
study dealing with the free swimming fish 
population showed that the effluent sup- 
ported a large and varied coarse fish popu- 
lation (perch, roach, and gudgeon). Dead 
fish were found when lethal conditions oe- 
eurred in the channel only occasionally. 
The number of fish in the effluent channel 
was small in the winter when D.O. was 
high and large during the spring and sum- 
mer when D.O. was low. The absence of 
fish during the winter could not be at- 
tributed to adverse chemical conditions, but 
rather to migration. 

The effluent channel contained a rich 
supply of fish food such as Chironomid and 
Asellus. H. HeuKke vekian 


Agitation-Aeration in the Laboratory and 
in Industry. By R. K. Fixn. Bacterio- 
logical Reviews, 18, 4, 254 (1954). 

A review with 113 references devoted to 
the basic phenomenon of aeration as ap 
plied to fermentation industry. 

H. 


Studies on Methane Bacteria—In Fixation 
of Atmospheric Nitrogen by Methano- 
bacterium Omelians. By Martin J. 
Pine ann H. A. Barker. Jour. Bact., 68, 
5, 589 (1954). 

The authors were able to show that 
Methanobacterium omelianskii fixes nitro 
gen. Fixation was enhanced by ephemeral 
levels of NHle and abolished by more per 
sistent concentrations. H. He&UKELEKIAN 


Policy Decisions on Sewage Works Design. 
Institute of Sewage Purification. By 
H. H. Svanprivce. Surveyor, 114, 449 
(Apr. 23, 1955). 

Discussion of the influence of legislation 
on prevention of river pollution from the 

British standpoint of seven factors: (1) 


1 
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the degree of centralization of sewage puri- 
fication; (2) the location and layout of the 
works; (3) the selection of the 
processes to be used for sewage treatment, 
including existing 


sewage 
modifications of proc 
esses or the use of supplementary processes ; 
(4) the removal of bacteria; (5) the treat- 
ment of storm water; (6) the amount of 
sludge to be dealt with; and (7) the loca 
tion and design of effluent outlets. Nine 
references are appended, 
LANGDON PEARSE 


The Practical Gauging of Dirty Water 
and Its Applications to Sewer Design. 
By 8S. F. Morr. Proc. Inst. Civil Eng., 
4, Part III, No. 1, 83 (Apr. 1955). 

The paper deseribes the technique used 
during a period of 25 yr. by the Metro- 
politan Water, Sewerage, and Drainage 
Board of Sydney, Australia, and consists 
of (a) gaugings in sewers and open chan- 
nels; (b) uses to which these gaugings may 
be put in hydraulic design, ineluding sew- 
age and industrial wastes. The author con- 
cedes that sewage and clean water have 
very similar hydraulic properties. 

For primary effluent, the Parshall flume 
is preferred, and for secondary effluent, an 
integrating recorder. Diagrams and photos 
The applications of gaugings 
Since 1935 the Board has 
obtained over 35,000 daily charts at more 
than 800 stations and adds about 20 charts 
per day. 


are shown. 


are deseribed. 


The peak dry weather flow rate is de 
termined. In addition infiltration and 
equivalent population (flow) are measured. 
The ranges per 
day from 30 gal. (Imp.) in the working- 
class areas to 60 gal. (Imp.) in the wealthy 
districts. 


average domestic sewage 


The paper contains considerable tabular 
information, LANGDON PEARSE 


BOOKS, REPORTS, 
AND PAMPHLETS 


Proceedings of Third Southern Municipal 

and Industrial Waste Conference. The 
Raleigh, N. C. 322 pp. 
(1955). 


Technical Press, 


Price, $1.50 


This contains the transcript of the papers 
and discussions presented at the meeting, 
held at North Carolina State College on 
March 18-19, 1954, 
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Standard Specifications for Fluosilicic 
Acid. AWWA B703-54T. Amer. Water 
Works Assn., New York, N. Y. (1954). 


Surface Water Resources of Georgia dur- 
ing the Drought of 1954. Part 1. 
Streamflow. By M. T. THomson anv R. 
F. Carter. Information Cireular No. 
17, State Div. of Conservation, Atlanta, 
Ga. (1955). 


Proud Heritage. Div. of San. Eng., Mass. 
Dept. of Publ. Health, Boston, Mass. 
(1954). 

An interesting historical document de- 
scribing the activities achievements 
of the Lawrence Experiment Station since 
its inception in 1886. 


and 


National Plumbing Code. ASA A40.8- 
1955. Amer. Soc. Mech. Eng., 29 West 
39th St., New York 18, N. Y. (1955). 


85°, Magnesia Insulation Manual. Mag- 
nesia Insulation Mfrs. Assn., 1317 F St., 
N. W., Washington 4, D. C. (1955). 


Steel Structures Painting Manual, Vol. II. 
Systems and Specifications. Steel Struc- 
tures Painting Council, 4400 Fifth Ave., 
Pittsburgh 13, Pa. (1955). 


Major Activities in the Atomic Energy 
Programs—July—December 1954. U. S. 
Atomie Energy Comm., Washington, D. 
C. (Jan. 1955). 


The Defense Materials System in Our 
American Industry. U. 8. Dept. of 
Commerce. 41 pp. Price, $0.25, from 
Supt. of Doe., Govt. Printing Office, 
Washington 25, D. C. (Feb. 1955). 


Soda Ash Slurry Storage Systems. Dia- 
mond Alkali Co., 300 Union Commerce 
Bldg., Cleveland 14, Ohio. 

Hydraulics Forum on Centrifugal Pump 
Problems. Fairbanks, Morse & Co., 
Kansas City, Kans. (1954). 


Chemical and Physical Characteristics of 
Delaware River Water from Trenton, 
N. J., to Marcus Hook, Pa., 1949-1952. 
By C. N. Durror anp W. B. Keieuron. 
Water Supply Paper 1262, U. S. Geo- 

logical Survey. Price, $0.70 from Supt. of 

Doe., Govt. Printing Office, Washington, 

D. C. (1955). 
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Better Aeration-Less Cost 
ro 2 for your plant! 


# Eight aeration tanks at Lima, Ohio, re- 


habilitated with DIFFUSAIR equipment. WALK PROCESS 
fe) % Operating results show improved B.O.D J 


reduction and air utilization. 


Qi A. B. Anderson, Newark, N. J., Consulting Eng’r. 
O a Chas. H. Shook, Inc., Dayton, O., Gen. Cont'r. DIFFUS AIR 
ok E. E. Smith, Gen. Supt. of Water & Sewage. 
W. H. Jacobs, Chief Operator. 


oe? Walker Process DIFFUSAIR aeration units eliminate many of the 

a difficulties usually associated with the operation of aeration equip- 

2% ment. The short tube orifices of the DIFFUSAIR spargers are de- 

8 signed so that the high velocity of air acts to keep the unit clean. 

o BE This simple and effective action eliminates the need for air filters 

on resulting in a substantial saving in equipment costs. Further sav- 

ings are realized due to the virtual elimination of maintenance on 

z DIFFUSAIR units. The self-cleaning spargers require no attention. 

off Also, there is absolutely no back pressure build-up to hamper blower 

o efficiency permitting full air utilization. At Lima, Ohio, old equip- 

ofl ment required 1.0 to 2.0 cu. ft. of air per gallon of sewage treated. 

The installation of DIFFUSAIR equipment has aver- 

aged only 0.7 cu. ft. of air and B.O.D. reduction has 
been raised to 92%%-94%. 


A Bulletin 22561, explaining complete de- 
tails of DIFFUSAIR a is available 
upon request. Write for your copy today! 


WALKER PROCESS EQUIPMENT INC. 
Factory—Engineering Offices—Laboratories 
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Proceedings of Member Associations 


NEW ENGLAND SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION-NEW YORK 
SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATION 
The Fifth Joint Meeting of the New 
England and Industrial 
Wastes Association and the New York 


Sewage 


‘‘An Investigation of the Treatment 
of Cabin Cruiser Wastes,’’ by William 
Adjunct New 
York University. 

‘*Deodorizing Waste Water at the 
Avon Products Plant,’’ by O. Daven- 
port and B. Woods, Avon Products, 
Ine., Suffern, N. Y. 


T. Ingram, Professor, 


‘The Treatment of Acid Wastes at 
the Worcester General Electric Plant,’’ 
by V. 
General 
N. Y. 

“The Fundamental Principles of 
the Control and Treatment of Wastes 
from the Dairy Industry,’’ by H. A. 
Trebler, Consulting Chemical Engi- 
neer, Md. 

‘The Heat Disposal of Sludge,’’ by 
Robert D. Nickerson, Eastern 

(Continued on page 476a) 


Industrial Wastes Associ 
held at the Sheraton-Ten 
Albany, New York, June 
Registration totaled 230 
with 36 


Sewage and 
ation Was 

Eyck Hotel 
13-14, 1955 


members 


deP. Lukas, Sanitary Engineer, 
Electric Co., Schenectady, 


and guests, ladies 
also registered 
The technical program included the 


following papers: 


‘The Importance of Proper Piping saltimore, 
in the Control of Sludge Digestion,’’ 
by Edward 8&8. Ordway, Engineer, 


Ilavens and Emerson, New York, N. Y 


Sales 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 

ALL SNOW GATES and Lifts are ‘ Parker- 
ized"’ for protection against rust and corro- 


sion 


Over 40 years continuous service to the in- 
dustry 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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VASTLY INCREASED POWER... POSSIBLY ATOMIC _ highly comprened inte 
space, moy give Mon on engine that will enable him to sustain individual singles Might 


100 years from now... 


WE MAY “FLY LIKE THE BIRDS” p 
Time and the future will reveal many wonders... a 
But in that Jules Verne-like world of tomorrow you'll find : 


one familiar note: water and gas will still be carried by the 
dependable cast iron pipe laid today 


Throughout the nation, records show that over sixty 
American cities still use cast iron water and gas mains laid 
more than a century ago. No pipe can match cast iron's 
demonstrated longevity. And today, U. S. Pipe, centrifugally 
cast, is even stronger, tougher, more durable. , ; 

U.S. Pipe is proud to be one of the leaders in a forward-look- eat (J is0# 

ing industry whose service to the world is measured in centuries. 


U. &. PIPE AND FOUNDRY COMPANY, General Office: Birming a 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND GLAST FURNACES TO FINISHED 


tate 

i 
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1 Surer Gland Lubrication 
for Centrifugal Pumps 


THE Z-F GREASE SEAL 


Eliminates that trouble spot where shaft enters cas- 
ing. [Applies constant positive lubrication to pack- 


ing and shaft—automatically. 


Excessive heat, rapid 


wear, leakage and scoring will disappear as the 
Grease Seal supplies a constant flow of lubrication 
when pump starts until it stops—automatically. 


Many other advantages, too. 


Write for complete 


description and price. 


Zimmer and Francescon, Moline, Ill. 


Manager, Combustion Engineering, 


ine,, New York, N. Y. 


High 


Laboratory Evaluation of 
Rate Sludge Digestion,’’ by 
M. Sawyer, Professor of Sanitary 
Chemistry, and H. K. Roy, Graduate 
Student, Massachusetts Institute of 
Technology, Cambridge, Mass. 


The second morning was devoted to 
an Operators’ Round Table on the sub- 
ject ‘‘Are Sewage and Waste Treat 
ment Plants Today Being Designed on 
a Completely Realistic Basis?’’ L. H 
Larkin, Chief, Water Pollution Con 
trol Section, New York State Depart 
ment of Health, moderated the panel 
representing various aspects of the 
question 

Social featured a 
hour and a luncheon. 


activities social 
Guest speaker 
at the luncheon was Morris M. Cohn, 
Editor, Wastes Engineering, who spoke 
on ‘The City of the Future: A Chal- 
lenge 
R. C. Sweeney, 
Secretary, NYSIWA 
Henry F. Munror, 
Secretary-Treasurer, NESIWA 


MICHIGAN SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 30th Annual Conference of the 
Michigan and Industrial 
Wastes was held at the 


Sewage 
Association 


Charlevoix Beach Hotel, Charlevoix, 
Mich., on June 20-22, 1955. Regis- 
tration totaled 206, including 52 ladies. 
The opening technical session fea- 
tured a panel of 10 sewage and in- 
dustrial waste plant operators who 
described interesting phase of 
operation, construction or maintenance 
of their waste treatment plant. 
Technical papers presented were: 


‘*Employee Education,’’ by C. T. 
Gruner, Supervisor of Plant Engineer- 
ing, Detroit Diesel 
Motors Corp., Detroit. 

**Considerations in Handling Sludge 
From Industrial Waste Treatment 
Processes,’’ by George A. McBride, 
Manager, Detroit Office, Infileo, Ine. 

‘*A Synthetic Media for Trickling 
Filters,’’ by Stanley J. Mogelnicki, 
Engineer, Dow Co., Mid- 
land. 


some 


Engine, General 


Chemical 


In coneurrent sessions the Indus- 
trial Waste Group heard a panel dis- 
euss ‘“‘If I Were to Build Another 
Waste Treatment Plant’’ while the 
Sewage Treatment Group featured five 
small round table discussion groups to 
consider common problems of opera 
tion and maintenance of specific sew- 
age treatment units. 

The June 21 
consisted of the annual business meet- 


afternoon session on 


(Continued on page 478a) 
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GRIT COLLECTORS and 
WASHERS 


types to meet every 
plant inant Scraper Type (shown below); Elevator Type for 
small sewage treatment plants; V-Bucket Type where space is limited 
and grit must be carried to greater heights. Each type is continuous 
—not only gathers and washes grit but elevates it for discharge 
into receptacles or for further washing and separation in Jeffrey 
JIGRIT Washers. JIGRIT Washers remove more than 90% of the 
putrescible solids. They produce washed grit suitable for use as fill 
on walkways, roadways, ete. For Catalog 833-A, write to Sanitation 
Sales Division, The Jeffrey Manufacturing Company, Columbus 16, 


Apron, Belt, Spiral Conveyors 
Bar and Disc Type Screens 
Biofiltration Plant Equipment 
Bucket Elevators 

Chains and Sprockets 

Dry Chemical Feeders 
FLOCTROLS 

Garbage Grinders 

Grit Collectors and Washers 
Power Transmission Machinery 
Rapid Mixers 

Screenings Grinders 

Scum Removers 

Sludge Collectors 

Sludge Elevators 


Traveling Water Screens 


JEFFREY DISTRICT OFFICES ¢ 


Birmingham 3, Ala., 2210 Third Ave. Houston 2, Tex., 903 City Nat. Bank Bidg. 


Boston 16, Mass., 38 Newbury St. 


Jacksonville 2, Fla., 507 Exchange Bidg. 


Buffalo 2, N.Y., 402 Jackson Bidg. Milwaukee 2, Wis., 735 N. Water St. 


Chicago 1, IIL, 


307 N. Michigan Ave. 
Cincinnati 2, O., 2905 Carew Tower 


Cleveland 15, O. 
Denver 2, Colo., 


Detroit 13, Mich., 5808 St. Jean Ave. 


New York 7, N.Y., 30 Church St. 
Philadelphia 3, Pa., Suburban Station Bidg. 
, 1560 Hanna Bidg. Pittsburgh 22, Pa., 1424 Oliver Bidg. 

1726 Champa St. Raleigh, N.C., 116 S. Harrington St. 

Salt Lake City 1, Utah, 733 Judge Bidg. 


Duluth 2, Minn., 14 W. Superior St. St. Louis 1, Mo., 1961 Railway Ex. Bidg. 
San Francisco 2, Calif., 870 Market St. 
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there's been 
another... 


TNEMEC PRIMER KILLS RUST IN EAST 
BAY SEWAGE DISPOSAL PLANT! 


CASE HISTORY NO. 457. Victim: East 
Bay Municipal Utility District Sewage Dis- 
posal Plant, Oakland, California. This 
$23,500,000 installation handles 128 
million gallons of raw sewage daily. 
Criminal: Rust. Course of Action: Tnemec 
primers and finish coatings used to pro- 
tect sedimentation basins, grit chambers, 
effluent channel, pumping stations, ma- 
chinery, equipment and buildings. Case 
Closed: Criminal rust apprehended and 
killed by TNEMEC. 


Learn How TNEMEC Primers 
Will Kill Rust in Your Plant: 
A request on your business letterhead will bring 
you this useful “Tnemec Specification Booklet.” 
Write today and learn how Tnemec will save money 
for you by killing and preventing rust in your plant. 


| cations. 


ing, followed by an inspection trip to 
the Charlevoix Sewage Treatment 
Plant. Social events included the 
Annual Smoker, a Smorgasbord and 
dance, and the Annual Banquet fol- 
lowed by dancing. 

Concluding sessions on June 22 fea- 


| tured an ‘‘Operators’ Breakfast’’ and 
_a series of general discussions by the 
| entire 
| Cooper, DuBois-Cooper Associates, De- 


group, moderated by J. C. 
troit. 
Officers were elected as follows: 


President: Milton P. Adams, Lansing. 

Ist Vice-President: Fred W. Galarno, 
Saginaw, 

2nd Vice-President: George McBride, 
Gross Pointe. 

FSIWA Director: R. A. Greene, Jack- 


son. 


| Secretary-Treasurer: Donald M. Pierce, 


Lansing. 
DonaLp M. PIeRcE, 
Secretary-Treasurer 


OHIO SEWAGE AND 
INDUSTRIAL WASTES 
TREATMENT CONFERENCE 


The 29th Annual Meeting of the 
Ohio Sewage and Industrial Wastes 
Conference was held at the Hotel 
Deshler Hilton, Columbus, Ohio on 
June 22-24, 1955. Registered attend- 
ance totaled 226, including 22 ladies. 

A Manufacturers’ Forum was held 
the morning of June 22 preceding the 
official opening of the Conference. 
The forum featured ‘‘pump applica- 
tions’’ with Paul M. Thayer, Chicago 
Pump Co., discussing sludge and grit; 
Spaulding A. Norris, Yeomans Broth- 
ers Co., discussing special applications ; 
and Allen Mackey, Fairbanks, Morse 
and Co., discussing liquid waste appli- 
Moderator was Franklin 
Ruck. 

Papers presented at the general ses- 


| sions of the meeting included: 


‘Water Pollution Control in Ohio,’’ 


(Continued on page 480a) 
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North Kansas City,Mo. 
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Gain 4 Ways with 


New Armco 


SMOOTH-FLO 


Sewer Pipe 


Here in a single structure—Armco all the qualities you need for efficient 
SMooTH-FLO Sewer Pipe—you can get sewer design and performance. 


Lining Fills Corrugations 


1. Top Flow Capacity 

A centrifugally applied bituminous lining assures top 
flow capacity. The diagram shows how the full lining 
fills the corrugations to provide a smooth, efficient in- 
terior. 


+—- ASPHALT MATERIAL 


ASBESTOS 
coating 


BASE METAL 


2. Proved Material Durability 

The special-grade bituminous lining withstands heat or 
cold without damage. The base metal itself has extra 
protection from corrosion. Millions of asbestos fibers 
are embedded in the zinc coating and sealed with a 
special saturant. The result is Armeo Asnestos-Bonpen, 
a material proved in the most severe sewer service 


Pipe flexes 
Te Gain Side 
from 


32. Corrugated Metal Strength 

Armeo Smootu-FLo Sewer Pipe has the flexible strength 
of corrugated metal design to eliminate the danger of 
cracking, breaking or crushing. 


Coupling Band Formed To Fit Corrugations 


Write us for data. Armco Drainage 
& Metal Products, Inc., 6235 Curtis 
Street, Middletown, Ohio. Subsid- 
iary of Armco Steel Corporation. 


4. Strong, Tight Joints 


Bolted band connectors make joints strong and tight, 
There is no silting or entrance of ground water to over- 
load sewers and treatment plants. Strong joints also mean 
good alignment year after year. 


Armco. 


Flo 
ewer Pipe 
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by Art Robinson, Director of Public 


Information, Water Pollution Control | 


Soard, Columbus. 

‘*Wederation Affairs,’’ by 
Fuhrman, Executive 
FSIWA. 

‘*Modern Instrumentation Applica 
tion and Control of Sewage Treatment 
Processes,’’ by F. L. Mascitti, Instru- 
mentation Engineer, Water Works and 
Sewage Dept., Minneapolis-Honeywell 
Regulator Co. 


Ralph 


Secretary, 


‘*Columbus Improvements,’’ by J. H. 
Blodgett, Superintendent, 
Treatment Plant, Columbus. 

‘*Automatie Sampling of a Variable 
Industrial Wastes,’’ by W. G. Pfitzer, 
Procter and 


Sewage 


Gamble Laboratories. 


‘* Highlights of the 1955 Ohio Water 
by Kenneth W. 
Cosens, Professor of Civil Engineering, 
Ohio State University. 


Clinie Conference,’’ 


sessions were 
treatment and 
wastes sections on June 23. 


Concurrent held by 
industrial 
Featured 
in the Sewage Treatment Section was 
an Operators’ Forum, discussing se- 
leet subjects from a recent operators’ 
survey. In addition, the following pa 
pers were presented: 


the sewage 


“Operation and Control Proced 
ures,’’ by J. D. Wittenmyer, Super- 
intendent, Water and Sewage, Mont 
gomery County. 

‘‘How to Avoid 
Problems,’’ by D. P. 
erintendent, Little 
Works, Cincinnati. 


Sour Digester 
sackmeyer, Sup 
Miami Sewage 
A Description and Some Charac- 
teristics of Detergents,’ 
Malaney, Dept. of Bacteriology, 
State University. 

‘*Improvements in the Activated 
Sludge Process,’’ by L. 8S. Kraus, 
Chemist, Greater Peoria Sanitary Dis- 
trict, Peoria, Il. 

‘‘Purther Study on Accelerated 
Sludge Digestion,’’ by Ray Klingbeil, 
Assistant Superintendent, 
Treatment Plant, Columbus. 


The Wastes 


‘by Dr. George 
Ohio 


Sewage 


Industrial Section 


INDUSTRIAL WASTES 


opened with a forum discussion on the 
consulting and industry. 
Featured was a panel of consulting 
and industrial engineers. 

Papers presented were: 


Water Pollution Abatement 
and Control Program of the Mahoning 
River by Bruce M. MeDill, 
and John E. 
Assistant Engineer, 
Sewage and Industrial Wastes Unit, 
Division of Sanitary Engineering, 
Ohio Department of Health, Columbus. 

“Chromic Acid Purification and 
Recovery by lon Exchange,’’ by L. M. 
Facilities Engineer, Gen- 
eral Electric Co., Cincinnati. 

‘*Miami River Basin Problems,’’ by 
C. J. Velz, Chairman, Dept. of Public 
Health Statistics, University of Michi- 
gan 

“Oil Removal by Flotation,’’ by 
R. N. Simonsen, Technical Service Di- 
vision, Standard Oil Co., Cleveland. 


engineer 


Basin,’’ 
Engineer-in-Charge, 


Richards, Senior 


Corcoran, 


Inspection trips were made to the 
Columbus Treatment Plant 
and to the Ranco, Ine. waste treatment 
plant, Delaware, Ohio. 

Social activities included a cocktail 
party and the Annual Dinner and 
Dance. Guest speaker was R. J. 
Anderson, Assistant to the Director, 
Battelle Memorial Institute, Columbus. 

The Bedell Award was presented in 
absentia to T. C. Schaetzle. The Dean 
Stewart Award and the J. W. Ellms 
Award were presented for the first 
time to Ben Barton, Findlay, and G. E 
Flower, Cleveland, respectively. 

Officers elected for 1955-56 were: 


Middle 


Sewage 


Chairman: Grant A. 
town. 

Ist Vice-Chairman: 
Troy. 

2nd Vice-Chairman: Wm. R. 
Cleveland. 

Secretary-Treasurer: W. E. 
Columbus. 


Pettit, 
Franklin Ruck 


Taylor, 


Conrad, 


Warp E. 


Secretary-Treasurer 


CONRAD, 
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NEw! a flow meter 


with no flow 


restrictions! 


FOXBORO 
MAGNETIC 
FLOW METER 


This premium-performance flow 
meter magnetically measures the 
tlow rate of virtually any liquid 
except hydrocarbons — without 
adding any pressure drop to the 
line! It connects into the line like an 
equal length of pipe... has no pres- 
sure taps or moving parts... needs 
no maintenance. Overall accuracy 
is better than 1% of range over 
entire scale .. . even on rock-and- 
acid or sand-and-water slurries! 


The Foxboro Magnetic Flow ~ 


Meter operates on the same prin- 
ciple as a power generator. Liquid 
passing through its magnetic field 
generates voltage proportional to 
average velocity. This voltage is 
recorded directly in flow units by a 
Dynalog Recorder or Controller. 

Available in standard sizes from 
2” to 8”... larger if required. Write 
for full details on this more-accu- 
rate, trouble-free flow meter. 


THE FOXBORO COMPANY, 8611 NEPONSET ST., FOXBORO, MASS., U.S.A. 


OXBOR 


Reg U S Pat OF.” 


Foremost in 
FLOW METERING 


FACTORIES IN THE UNITED STATES, CANADA, AND ENGLAND 
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Equipment and Supply Lines 


Pulp Flotation Machine—An air 
flotation unit to handle large volumes 
of pulp is featured in Bulletin F10 
B87.—Denver Equipment Co., Box 
5268, Denver 17, Colo. 

Pneumatic Mechanisms Handbook 

A new handbook-type bulletin on 
pneumatic and transmission 
systems describes their application and 
operation. In addition, Bulletin 1120 
contains practical operational informa 
tion on instrument adjusting and tun 
ing.—Minneapolis-Honeywell Regula- 
tor Co., Wayne and Windrim Aves., 
Philadelphia 44, Pa. 

Programmer Thermometers 
fications Sheet 
cam programmer thermometers. 
neapolis-Honeywell Regulator 


control 


Speci 
internal 
Min- 


Co.., 


602 describes 


Wayne and Windrim Aves., Philadel- 
phia 44, Pa 
Automatic Ratio Relay 


Bulletin 
4410 describes an automatic ratio relay 
for pneumatic signaling in ratio and 
cascade controls.—Minneapolis-Honey- 
well Regulator Co., Wayne and Wind 
rim Aves., Philadelphia 44, Pa. 
Wrought Iron Pipe Catalog-——New 
52-page manual contains technical in- 
formation, data, and tables on the 
and properties of 
wrought iron pipe.—A. M. Byers Co., 
Pittsburgh, Pa. 
Rotary Pump 


ment 


characteristics 


A positive displace- 
pump with replaceable 
rubber impellers is described as self 
priming and Harsh abra- 
SiVes reportedly pose no problem. 
Lindquist Pump Corp., 2207 Border 
Ave., Torrance, Calif. 

Thermocouple and Pyrometer Sup- 
plies—New 56-page Bulletin P1238 on 
thermocouples and pyrometer accesso 
ries published as a 
The Bristol 


rotary 


versatile. 


has just been 
buyer’s and user’s guide. 
Co., Waterbury 20, Conn. 

Anti-Rust Paint—-A black anti-rust 


paint CI-88, incorporating a bitumi 


nous base, may be used as a finish 
coating and dries to a semi-gloss fin- 
ish.—Chem Industrial Co., 3784 Ridge 
id., Brooklyn 9, Ohio. 


Wedge Valve—A new wedge valve 
incorporates the sealing action of a 
line blind with the simplicity of gate 
valve operation, while at the same 
time providing full visibility of the 
wedge.—Hamer Valves, Ine., 2919 
Gardenia Ave., Long Beach, Calif. 


Phenolic Coatings—Bulletin 600 de 
scribes applications for modified phe- 
nolic coatings for use in tank linings, 
maintenance painting, and floor cover- 
ings in acid, alkali, and _ solvent 
environments.—Carboline Co., 331 
Thornton Ave., St. Louis 19, Mo. 


Tanks—Construction features, di- 
mensions, and applications of wood, 
and welded or bolted steel tanks are 
illustrated in the new 16-page Bulle- 
tin T2-B5.—Denver Equipment Co., 
P. O. Box 5268, Denver 17, Colo. 


Chemical Feeder—The low-capacity 
chemical feeder, ‘‘Chlor-O-Mite,’’ for 
system flows less than 25 g.p.m. is 
described in Bulletin 1910-3.—Pro- 
portioneers, Inec., B-I-F Industries, 
Providence, R. I. 


Universal Recorder—Bulletin FS 
251 gives facts and figures on a new 
laboratory instrument that provides 
automatic recording for manual lab- 
oratory instruments.—Fisher Scien- 
tifie Co., 711 Forbes St., Pittsburgh 
19, Pa. 


Asbestos Sheeting — Structurally 
strong sheet material of asbestos fiber 
for ready use in ovens, driers, breech- 
ings and housings is deseribed in a 16- 
page, illustrated booklet. 
ville, 22 East 40th St., 
16, N. Y. 

Electric Motorized Valves—Bulle 
tin 8506 presents specification data for 
the selection of valve bodies, linkages, 


Johns-Man- 
New York 


ti 
4820 
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and power units for electric motorized 
valve assemblies.—Minneapolis-Honey- 
well Regulator Co., Wayne and Wind- 
rim Aves., Philadelphia 44, Pa. 

Portable Diaphragm Pumps— 
Wheel mounted portable diaphragm 
pumps with single or double units are 
described in Bulletin 55DP.—Rice 
Pump and Machine Co., Belgium, Wis. 

Explosion-Proof Motors-—-New ex- 
plosion-proof electric motors, designed 
to meet Underwriters’ specifications, 
are described in Bulletin No. 1879.— 
U.S. Electrical Motors Ine., Box 2058, 
Los Angeles 54, Calif. 

Vertical Electric Motors—bulletin 
No. 1868 describes improved types of 
vertical solid shaft electrie motors.— 
U.S. Electrical Motors Inc., Box 2058, 
Los Angeles 54, Calif. 


Chemical Feed Pumps—Keciprocat- 
ing pumps for precise feeding of chem- 
ical solutions are described in Catalog 
S-1254.—Philadelphia Pump and Ma- 
chinery Co., Wynnewood, Pa. 

Chemical Pumps—Seal-less, leak- 
proof centrifugal pumps for chemical 
service are described in Bulletin 1010. 

Chempump Corp., Station E, 1300 
E. Mermaid Lane, Philadelphia 18, 
Pa 

Rotary Vacuum Filters——Perform- 
ance characteristics and technical de- 
tails of continuous rotary vacuum fil- 
ters featuring string discharge are 
given in the 24-page Bulletin No, 103-— 
B.—Filtration Engineers, Ine., 155 
Oraton St., Newark 4, N. J. 

Mechanical Seals—Bulletin CP551 
‘‘wedge-lock’’ mechanical 
seals designed for interchangeability 
with packing in pump stuffing boxes. 
Successfully used on pumps handling 
acids, caustics, solvents, and slurries. 

Chemical and Power Products, Inc., 
11 Broadway, New York 4, N. Y. 

Combination Clarifier-Digester—|! 
lustrated Bulletin 135 deseribes the 
uses and features of the ‘‘Spiragester,’’ 
a combination clarifier and digester 
embodying the principles of spiral- 


describes 


SEWAGE AND INDUSTRIAL WASTES 


483a 


flow clarification with the simplicity 
of the Imhoff tank.—Lakeside Engi- 
neering Corp., 222 West Adams St., 
Chicago, 

Liquid Level Gauges—Bulletin 
L701 comprehensively covers complete 
line of liquid and water level gauges. 
—The Bristol Co. Waterbury 20, 
Conn. 

Bronze Valves—Lronze valves and 
fittings can be quickly selected through 
the use of Catalog No. B255.—Mil- 
waukee Valve Co., 2375 South Bur- 
rell St., Milwaukee 7, Wis. 

Steel Conduit—A new booklet de- 
scribes heavy-duty, rigid steel electri- 
cal conduit especially designed for in- 
dustrial use requiring corrosion-re- 
sistant materials—National Electric 
Products Corp., Gateway Center, Pitts- 
burgh, Pa. 

Thermostatic Controls—The con- 
densed Bulletin C-6 covers thermo- 
static control valves and accessories. 

Lawler Automatic Controls, Inc., 
453 North MacQuesten Parkway, 
Mount Vernon, N. Y. 

Filter Block—-A redesigned, two- 
piece filter block having a consider- 
ably increased strength over ordinary 
block can be used to eliminate hand 
placement of filter stone.—Straitsville 
Brick Co., New Straitsville, Ohio. 

Pipe Markers—-Self-adhesive pipe 
markers insure permanent identifica- 
tion without being effected by heat, 
cold, humidity, or vibration.—-Nortb 
Shore Nameplate Inc., 214-27 North- 
ern Boulevard, Bayside, Long Island, 
N. Y 

Instrumentation—Composite Cata- 
log 5002 briefly and concisely 
scribes principal types of industrial 
indicating, reeording, and control 
instruments. —- Minneapolis-Honeywell 
Regulator Co., Wayne and Windrim 
Ave., Philadelphia 44, Pa. 

Pneumatic Controller — Bulletin 
5A-13 details a new model pneumatic 
indicating controller incorporating a 
proportioning action adjustment. 


de- 


The Foxboro Co., Foxboro, Mass. 
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DIRECTORY OF ENGINEERS 


(Continued through page 458%a) 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
CONSULTING ENGINEERS 

idustrial Wastes and Incineration Problems Charles B. Burdick Louls R. Howson 

Plas ¢, Highways, Bridges and Airport Donald H. Maxwell 
1 Control, Industrial Building Water Works Water 

Reports, Appraisals and Rate Flood Reliet Sawernwe 

emical & Bacteriological Analyse 


Water, Sewage, ! 


Purification, 

Sewage 
THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PENNSYLVANIA Civie 


nplete 


Chicago 


ANDERS@N-NICHOLS JOHN J. BAFFA 
(slompany Consulting Engineer 
Consulting Engineers "fed 
Water istrit 


Design Plans & Specifications 
lustri ate reatment, Sewage Collection and 


Di ction and Disposal, Drain Investigations & Rate Studies 
age, Highways bridges 


75 Weet Street New York 6, N. Y. 
Concord, N Reston 14 Baltimore, Md 


ition and Treatment, In 


MICHAEL BAKER, JR., Inc. BAXTER AND WOODMAN 


Jivil and Sanitary Engine 
Civil Engineers, Planners, and Surveyors nitary Eng ers 


Sewage Disposal Water Supplies 


Water Treatment 
Surveya 


Sewer Systeme Sewage Treatment 
Conatr uc 


g Industrial Waste Treatment 
Line Surveys 


Investigations 
Home Office: Rochester, Pa. 


Branch Offices: Jackson, Miss. Harrisburg, Pa. Pr. O. Box 67 Crystal Lake, Hlinots 


W.H. & L. D. BETZ BLACK & VEATCH 
Consulting Engineers Consulting Engineers 


Industrial Waste Sewage - Water - Electricity - Industry 
Industrial Water Reports, Design, Supervision 
Analyai Design of Construction, Investigations, 


Valuation and Rates 
706 Broadway Kansas City 2, Mo. 


Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


BOGERT AND CHILDS 
Conealting Engineers ONLY $60 PER YEAR 


CLINTON L, Bogert Faep 8S. CHILDS 
Ivan L. Booenrt DoNALD M, DitManrs is the cost of a_ professional listing 
Ropernt A. LINCOLN CHARLES A, MANGANAKO in this space \ card here will iden- 
WILLIAM MARTIN 


firm with the specialized 


Flood Control sewage and industrial wastes field and 
lilghways and Bridges Airfields 


tity your 
Water & Sewage Works Refuse Disposal 


Drainage 


will afford maximum prestige! 
145 Bast S2nd Street, New 16, N. Y. 


Take advantage of the services of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works——Industrial 
Wastes—Refuse Disposal—M unicipal 
Projects—Industrial Buildings— Reporte 
Plans—Specifications—Supervision of 
Construction and Operation 
Valuations— Laboratory Service 


75 West Street New York 6, N. Y. 


BROWN AND BLAUVELT 


Consulting Engineers 


Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Todustrial Buildings 


Industrial Wastes Problems Railroads 


465 Fourth Avenue New York 16, N. ¥. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing io Sewerage and Sewage Disposal 


Water Supply and Water Puritieation 
Valuations and Heports 


Chemical and Biological Laboratories 


112 Bast 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 


Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Cleveland 14, Ohio 
1404 St. 


Kansas City 2, Mo. 
P.O. Box 7088 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

rations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


Boston 5, Mass. 


6 Beacon St. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
ridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants- Incineration Gas Systems 

Valuations~Kates- Management 

Laboratory Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals 


351 East Ohio St. Chicago 11, Ill, 


Your firm should be 
listed here 
. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 


treatment. 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 


Consulting Ctotl Engtneers and 
Surceyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—-Bridges—Subways 
Local Transportation 


Investigations Reports Appraisals 
Pians and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bidg. Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official a Journal the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 


Rates W. Horne 
Bion A. BowMan WituraM L. 
CARROLL A. FARWELL Frank L. LINCOLN 


JouN AYER 


Engineering—Surveys—Design— 


Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 


Port and Terminal Worke—Industrial Bldgs 


BOSTON NEW YORK 


FINKBEINER, PETTIS & STROUT 


8. Finxeernen E. Perris 
K. Strout 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


318 Jefferson Avenue Toledo 4, Obio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

brainage Foundations 

Industrial Waste Disposal 

Investigation Reports; Plans and 
Specifications Supervision 


816 Howard Avenue New Orleans 12, La. 


Your firm should be 
listed here 
the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment 


EDWARD A. FULTON 


Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—-Water Supply and 
Purification Vlants Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3208 Brown Reed Saint Louis 14, Missoeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dames, Water Worcs, Sewage, Industrial Wastes & Gar- 
bage Dieposal. Highways, Bridges & Airports, Traffic & 
Parking A Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. 2d. Chesapeake, W. Va. 


Take advantage of the services 


of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consaltants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Phiiadeiphia 


Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 


Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water —Sewage & Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kanees City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens 


A. A. Burger F. W. Jones 


J. W. Avery Hi. H. Moseley 
F. Palocsay EK. 8. Ordway 
F. C. Tolles, Consultant 
Raat 


Water, Sewerace, GaRBace, INDUSTRIAL 
Wastes, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth Bidg. 
Cleveland MM, New York 7, N. 


HAZEN AND SAWYER 
ENGINEERS 
Hazen W. Sawven 
Municipal and Industrial Water Supply 
Puriheation and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design 
Supervision of Construction and Operation 


12? Bast 42nd Street New York 17, N. ¥. 


HENNINGSON, DuRHAM 


& RICHARDSON, INC. 
Consulting En 4 since 1917 for more than 
cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard OU Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 

W. W. BE, 

Hi, 
Airports Hydraulic Engineering 
Sewerage and Sewage ‘Treatment 
Water Supply Municipal Engineering 

Reports 
Shell Bullding, St. Louls 3, Missourt 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. Mor 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 

Formerly Solomon & Keis 
Since 1906 

Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings 
TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., BAN FRANCISCO 6 


It pays to secure competent and experienced engineering advice! 


GLACE AND GLACE E 


SEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES Ine. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning 


1212 Park Bidg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 
Investigations, Reports, 

Appraisals 
ize Treatment 
y & Water Treatment 
inicipal Engineering 
Industrial Buildings 


3142 Wilshire Bivd., Los Angeles 5, Calif. 


Wm. S. Lozier Co. 


Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 

fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Ine. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Bullding 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 


Vater, Sewage, Drainage and 
Industrial Waste Problems 


Structure Power 


51 Broadway 


Traneportation 


New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 
Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purificatior 

4owage Treatment, Public Buildings, Streets 

Power Planta, Electrical Distribution 
Keporta and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 

Malcoim Pirnie Ernest W. Whitlock 

Robert D. Mitchell Carl A. Arenander 

M im Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Uperations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Purification; Sewerage & Sew 
ndustrial Wastes; Investigations 
Design ; Supervision of 
wtruetion & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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RIPPLE AND HOWE RUSSELL AND AXON - 

O. J. Rurrur B. V. Hows Consulting Engineers 
fornia Civil — Sanitary — Structural 

Water Works Systems, Filtration and Softening Industrial — Electrical é 

Plants, Reservoirs and Dams, Sanitary and Rate Investigations 

Storm Sewers, Sewage Treatment Plants, : 

Refuse Disposal, Airports 408 Olive St., Municipal Airport 


: 833-35 Twenty-Third St. Denver 5, Colerade St. Louls 2, Mo. Daytona Beach, Fla. 

SMITH and GILLESPIZ STANLEY 4 
& Consulting Engineers 

Utilities 

Complete Services 327 S. LaSalle Street Hershey — . 

P. O. Box 1048, Jacksonville, Fla. 

ALDEN E. STILSON & ASSOCIATES HENRY W. TAYLOR xe 

Limited 

Consulting Engineer 

Consulting Engineers 
Water Supply —Sewerage— Waste Disposal Water Supply, Sewerage 
Bridges—-Highways—Industrial Buildings Refuse Disposal, Incineration = 

Studiee—Surveys—Reports Industrial Developments 

209 S. High St. Columbus 15, Ohio 151 W. Merrick Ra. Freeport, N.Y. 2 
J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins ONLY $60 PER YEAR 

I CONSULTING ENGINEERS is the cost of a professional listing 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 Bast High Street Lexington, Kentucky 
Branch Office 


901 Hoffman Bullding Louisville, Kentucky 


in this space. A card here will iden 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


of WESTON, ECKENFELDER AND ASSOCIATES WESTON & SAMPSON . 
Consultants Consulting Engineers ‘ 
Engineers—Biologists—C ts Water Supply Water Purification 
Industrial Wastes Corrosion Control 
Stream Pollution—Air Pollution Sewerage, Sewage and Industrial 7 
ater—Sewage Wastes Treatment 
Surveys— Research— Development— Process Stream Pollution Studies a8 
Engineering (Operation Supervision Anal- Supervision, Valuation a 
yses—E valuations and Reports Laboratory 2 
Newtown Square, Pa. Leonia, N. J. 14 Beacon Street Boston 8, Mass. ; 
o 
; WHITMAN & HOWARD WHITMAN, REQUARDT & ASSOCIATES j 
Engineers (Est. 1869) Engineers— Consultants 
Sewerage, Sewage Disposal, Municipal and In- ‘vil - ; = 
2 dustrial Development Problems, Water Supply, Civil Banitary ~ Beruc tural : 
Water Purification, Water Front Improvements, Mechanical Electrical 
Investigations, Reports, Designs, Supervision, 
of Valuations Reports, Plans Supervision, Appraisals 
i’ 89 Broad Street, Boston, Mase. 1304 St. Paul Street Baltimore 2, Maryland 
‘ It pays to secure competent and experienced engineering advice! 
re 
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Baros & Me Meice 
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PATRONIZE GUR ADVERTISERS—whose support makes the 
‘cation of this journal, advertisers be sur: fo mention 
AND INDUSTRIAL WASTES. 
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Concepts of 

Chlorination 
Control for * 
Sewage... 


AT THE WASHINGTON, D.c. 
SEWAGE TREATMENT PLANT ae 


Design of the Washington, D. C. Sewage Treatment 


Plant utilizes modern concepts of sewage chlorination 
control, W&T water diaphragm, high capacity 


rinators at the Plant are controlled from remote chlorine | 
rate setting stations which operate by push buttom eS 

Remote control stations allow plant operators to 
change chlorine feed rates without leaving the operating 
center of the plant. Remote rate of feed indicators at the 
stations show the rate at which chlorine is being fed and. 
immediately show changes in the rate of feed. WaT" 
Chiorine Flow Recorders give a permanent record of 
the daily chlorine feed of each chlorinator and also the 
total amount of chlorine fed to each point of application. 

In addition to remote chlorinator control, W&T offers 
many Other types of accurate and effective contegias = 
which ean help the operation of your plant. From eagle. 


4 intermittent stert-stop operation through automatic pres 

4 portioning of chlorine feed to sewage flow, program een = 

trol based on plant flow patterns, and ORP recordem 
controllers, W&T can answer your chiorinater control 
problem. 

WALLACE & TIERNAN INCORPORATE 
25 MAIN STREET, BELLEVILLE 9, NEW JERSE 
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